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With the advent of superplasticizers, dream to discover method of making ready mixed concrete at the lowest possible water cement ratio 
while maintaining a high workability has achieved. In addition, these concrete material are also suitable for use with other cementations 
materials like fly ash. Poly(styrene-co-acrylonitrile) prepared with the help of p-acetyl benzylidene triphenyl arsonium ylide had made it 
possible, the production of concrete at low water cement ratio. Many waste materials of today become the useful by products of tomorrow 
water cement ratio was maintained between 0.38-0.47. Use of fly ash in concrete improves the penetration rate of CO2 or chloride ions. The 
result have shown substantial improvement in the properties of concrete after use of copolymer of styrene and acrylonitrile as 
superplasticizer. 
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Introduction 
Polymer chemistry is emerging as one of the fastest 
growing field in science and technology. Polymerization 
dates back to the beginning of DNA based life, as both DNA 
and proteins are polymers. However, it was not until the 
industrial revolution that the modern polymer chemistry 
began to flowish. The advent of new technique has created a 
boom in the growth of polymer science. Modern methods of 
polymerization like atom transfer radical polymerisation,1 
group transfer polymerisation,2 liquid crystal polymerisation,3 
star polymerisation,4 polymerization by ylide5 have proven to 
be effective in controlling the properties of the polymers. 
The ylides6 are 1,2 dipolar compounds in which a carbon 
atom is attached directly to a heteroatom X
+
 carrying a 
positive formal charge. 
RX(+)–C(-)R’     RmX = CR’ 
(I)    (II) 
X
+
 = (nitrogen, phosphorus, sulphur, arsenic, antimony, 
bismuth, selenium or tellurium) 
The ylides give mostly alternating copolymers as well as 
syndiotactic homopolymers unlike the conventional 
initiators like azobisisobutyronitrile (AIBN) and benzoyl 
peroxide (BPO) otherwise Lewis acids are used to obtain 
stereo regular polymers. Ylides5,7-9 are found to be more 
economical than conventional initiators. 
Concrete, a composite material made with cement, 
aggregates, admixtures and water comprises in quantity the 
largest of all man-made materials. Superplasticizers10-12 in 
concrete confer some beneficial effects such as acceleration, 
retardation, air entertainment, water reduction, plasticity etc. 
and these effect are due to their action on cement. In this 
chapter as attempt has been made to synthesis13 copolymer 
of styrene and acrylonitrile with p-acetylbenzylidene 
triphenyl arsonium ylide and study the effect of the 
copolymer as novel superplasticizer on workability and 
strength of ready mix concrete. 
Experimental 
Purification of monomers and solvents14-15 were carried 
out by standard methods. P-acetylbenzylidene triphenyl 
arsonium ylide (p-ABTAY) was prepared16 using triphenyl 
arsine (Merck) and dioxane. They were used without 
purification. 
Polymerization procedure 
Styrene acrylontrile copolymer was prepared in dioxane 
flushed with nitrogen gas at 60 ± 0.1
o
C for 1 hour using p-
ABTAY as radical initiator. The copolymer were 
precipitated with acidified methanol and dried under 
vacuum. The copolymers were refluxed with cyclohexane 
and DMF to remove homopolymers of styrene and 
acrylonitrile respectively. The structure of the copolymer 
was confirmed by (FTIR, 1H-NMR and 13C-NMR (Fig. 1, 2, 
3). 
Materials used 
Cement (OPC -43 grade) and its properties 
Specific gravity (Gc)   3.16 
Normal consistency   30% 
Initial setting time    120 minutes 
Final setting time    370 minutes 
Compressive strength    54.46 N mm-2 
Fineness      97.80 
Fly ash from Thermal Power Station, Kanpur 
Specific gravity (Gf)   2.1 
Fineness (Blaine's)   380 m2 kg-1 
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 Lime reactivity    5.4  N mm-2 
 Loss on ignition   3.4 %  
Fine Aggregate river sand 
 Specific gravity (Gfa)  : 2.53 
 Unit mass (Wfa)     1420 kg m-3 
 Fineness modulus      
by sieve analysis (Table 1)   2.78 
 Water absorption    0.32 %  
Coarse aggregate–  
Grit        10 - 20 mm  
Specific gravity (Gca)   2.64-2.73 
Unit mass (Wca)    1360-1375 kg m-3 
Fineness modulus    6.91 
Water  
Tap water 
Polymer Admixture 
Copolymer of styrene and acrylonitrile  
prepared by (p-ABTAY) 
Result and Discussion 
The copolymer of styrene and acrylonitrile prepared 
initiated by p-ABTAY. The properties of copolymer are 
studied which are as follows:  
Properties of polymer admixture 
Polymer     styrene-co-acrylonitrile 
Colour      yellowish 
Activation energy  
by Arrhenius equation  55 KJ mol–1 
Polydispersity index  
by GPC Mw/Mn   12 
Characterization of copolymer(s) 
Fourier Transform Infrared Spectroscopy 
The FTIR spectrum17 of the copolymers (Fig. 1) shows 
bands at 3053 cm–1 and 2237 cm–1 due to aromatic C–H 
stretching of phenyl protons of styrene and –CN group of 
acrylonitrile respectively.  
1H-Nuclear Magnetic Resonance Spectroscopy 
The 1H-NMR spectra18 of the copolymers (Fig.2) shows 
peak at 6.1-7.4  ppm due to phenyl group of styrene. 
13C-Nuclear Magnetic Resonance Spectroscopy 
The 13C-NMR spectrum of the copolymers (Fig.3) shows 
peaks at 122-124  ppm and at 128-133  ppm due to –CN 
group of AN and –C6H5 carbon of styrene respectively. 
Different grades of concrete, M-20, M-25, M-30, M-
35, M-40 and M-45 (Table 2 and 3) were used to study 
the effect of ready mixed concrete in presence of 
absence of polymer admixture and fly ash to get low 
cost environment friendly concrete. Bulk density was 
maintained between 2350 to 2441 as per specification 
(Fig. 4). The water cement ratio was maintained 
between 0.38 - 0.47 with slump 120-130. Low 
strength19 on 7th day is due to the pozzolanic reaction 
between fly ash and cement it lags behind cement hydration.   
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Figure 1. FTIR spectrum of the prepared (Sty-co-AN). 
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Figure 2. 1H-NMR spectrum of the prepared (Sty-co-AN). 
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Figure 3. 13C-NMR spectrum of the prepared (Sty-co-AN). 
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Table 1. Sieve Analysis of sand 
S. No. Bis sieve size Weight 
retained g (I) 
% ge retained 
(1)/10 (II) 
Cumulative of 
retained (III) 
Cumulative of 
passing (100) (IV) 
Silt content 
1. 4.75 mm 102 10.2 10.2 89.8 7.50% 
2. 2.36 mm 110 11 21.2 78.8  
3. 1.18 mm 107 10.7 31.9 68.1  
4. 600  184 18.4 50.3 49.7  
5. 800 200 20 40.3 29.7  
6. 150  244 24.4 94.7 5.3  
7. Passing 150  - 0 94.7 5.3  
 Wt. of sample 
cumulative 
1000   278.8   
Table 2. Effect of RMC without fly ash. 
Material M-20 M-25 M-30 M-35 M-40 M-45 
Cement, kg m-3 345 390 420 470 530 565 
Sand, kg m-3 771 770 764 738 683 679 
20 mm grit, kg m-3 720 700 695 685 684 660 
10 mm grit, kg m-3 350 340 320 310 305 300 
Admixture, kg 2 2.5 3 4 5 6 
Water, kg 162 177 185 198 215 220 
w/c ratio 0.47 0.45 0.44 0.42 0.40 0.38 
Density  2350 2379 2387 2405 2422 2430 
Slump 130 120 125 120 120 120 
Table 3. Effect of RMC with fly ash. 
Material M-20 M-25 M-30 M-35 M-40 M-45 
Cement, kg m-3 250 290 310 350 400 425 
Fly ash, kg m-3 95 100 110 120 130 140 
Sand, kg m-3 800 790 785 753 693 690 
20 mm grit, kg m-3 720 700 695 685 684 660 
10 mm grit, kg m-3 350 340 320 310 305 300 
Admixture, kg 2 2.5 3.0 4 5 6 
Water, kg 162 177 185 198 215 220 
w/c Ratio 0.47 0.45 0.44 0.42 0.40 0.38 
Density  2387 2400 2408 2420 2432 2441 
Slump 130 120 120 120 130 125 
Table 4. Cube test  results showing strength of RMC without fly ash. 
S. No. Grade Weight gms 
7 days 28 days 
Load (KN) Characteristic 
strength, N mm-2 
Load (KN) Characteristic 
strength, N mm-2 
1. M-20 8180 519 23.11 55 28.44 
2. M-25 8135 580 25.78 639 31.52 
3. M-30 8125 644 28.65 866 38.51 
4. M-35 8165 730 32.45 933 41.50 
5. M-40 8225 862 38.32 975 43.35 
6. M-45 8390 935 41.56 1072 47.65 
Table 5. Cube test results showing strength of RMC with fly ash. 
S. No. Grade Weight gms 
7 days 28 days 
Load (KN) Characteristic 
strength, N mm-2 
Load (KN) Characteristic 
strength, N mm-2 
1. M-20 8265 485 21.56 710 31.56 
2. M-25 8120 522 23.23 812 36.11 
3. M-30 8365 602 26.78 959 42.65 
4. M-35 8450 686 30.51 1091 48.51 
5. M-40 8620 794 35.33 1229 54.65 
6. M-45 8320 893 39.71 1388 61.72 
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Table 6. Study of strength of ready mixed concrete M-20 in presence and absence of polymer admixture. 
 
Table 7. TG studies showing rate of hydration with different percentage of polymer admixture. 
 
Memon20 studied the effect of superplasticiser and extra 
water on workability and comprehensive strength of self 
compacting geopolymer concrete by incorporating fly ash in 
the design mix. They varied the  superplasticisor from 3 to 
7 % and extra water ranging from 10-20 % of the mass of 
fly ash. The test results indicated that extra water and 
superplasticizer are key parameters and play an important 
role in the development of self compacting geopolymer 
concrete with the increase in amount of water and 
superplasticizer the workability was improved.  
Figure 4. Effect of   the density of ready mix concrete in absence 
and presence of fly ash. 
Niral Desai21, have developed a new age superplasticizer 
Fairflo S. It is high range water reducer, excellent slump 
retainer and it is very much cost effective. The slump 
obtained by them using w/c ratio 0.45 and 0.8% 
superplasticizer was between 105-135 mm.  
It was observed that the effect of 20-30% substitution of 
cement by fly ash using different quantities of polymer 
admixture gives better density of concrete (Fig. 5 and 6), 
more pumpability and less strength on 7th day but higher on 
28th day as analysed cube testing reports (Table 4 and 5). 
Krishnamoorthy22 has pointed out that fly ash should 
regarded more as a durability enhancer and void blocker 
than as a cement economizer. 
The role of polymer admixture on compressive strength of 
ready mixed concrete on 1, 3, 7 and 28 days keeping cement, 
water cement ratio constant was studied. 
Figure 5. Comparative study of 7th day characteristic strength of 
the specimen of RMC with and without fly ash. 
 
It was observed that it is higher than the blank at early 
stages of hydration (1-3 days) but at later stage it is slightly 
higher (Fig. 7 and Table 6). Cube testing results on 28th day 
of R.M.C. with fly ash sows greater strength of design mix 
concrete. Hence we can conclude that strength of design mix 
concrete with fly ash increases drastically and there by 
reducing the cost of ready mix concrete and making it 
economical. Similar results were obtained by Ahmad et al.23 
they studied the effect of superplasticizer on workability and 
strength of concrete, superplasticizer used was Rheobuild 
561 and 1100. 
Mechanism 
The principal role in the mechanism of water reduction 
and set retardation of the admixtures can be explained as 
follows. These substances are usually composed of long 
chain organic molecules that are hydrophobic (non wetting) 
at one end and hydrophilic at the other.  
Such molecules tend to become concentrated and form a 
film at the interface between two immiscible phases such as 
water and cement and alter the physio-chemical forces 
acting at this interface. The poly(Sty-co-AN) get absorbed 
on the cement particles giving them a negative charge that 
Admixture 3 h 8 h 12 h 24 h 7 day 28 day 
0% 2.8 5.8 9.1 13.2 17.2 21.2 
1% 2.7 5.1 8.9 12.7 16.5 21.0 
2% 1.9 4.7 7.8 11.7 15.1 20.9 
3% 1.7 3.8 6.5 10.9 14.7 20.7 
4% 1.6 3.0 6.1 9.2 14.6 20.0 
5% 1.4 2.7 6.2 8.6 14.2 19.9 
Polymer Admixture Cement w/c 
Slump, 
(mm) 
Characteristic strength of RMC, N mm-2 
1 day 3 days 7 days 28 days 
Without polymer admixture 345 0.47 60 15.35 17.62 19.56 28.51 
With polymer admixture 345 0.47 130 16.71 20.11 21.56 31.56 
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then orients the water dipoles around each particle24 hence it 
results in (a) Reduction of the interfacial tension. (b) An 
increase in electro kinetic potential (c) A protective sheet of 
oriented water dipoles around each particle. 
Figure 6: Comparative study of 28th day characteristic strength of 
the specimen of RMC with and without fly ash. 
Hence we can conclude that the mobility of the fresh mix 
becomes greater partly because of a reduction in the inter 
particle forces and partly because water is freed from the 
restraining influence of the highly flocculated system which 
is now available to lubricate the mixture. Less water is 
therefore, required to achieve given consistency. 
Figure 7. Comparative study of M-20 sample of RMC with and 
without polymer admixture 
Mechanism as retarding admixture 
The mechanism of set retardation25,26 is based on 
adsorption. The large admixture anions and molecules are 
absorbed on the surface of the cement particles, which 
hinders further reactions between cement and water i.e. it 
retards the setting. Experiments performed showed the 
setting time of superplasticizer increased by 3-5 hours. In one 
formulation, an alkalized sulfite liquor was mixed with ethylene 
oxide-propylene oxide copolymer to extend the setting time of 
cements by 2½ to 5 hrs.27  
 
 
 
Organic group for poly(styrene-co-acrylonitrile) as retarding 
admixture.  
Kinetics of hydration 
The hydration is a process in which Portland cement 
mixed with sand gravel and water and produces the 
synthetic rock, called concrete. As the reaction proceed, the 
products of the hydration process gradually bond together 
the individual sand and gravel particles, and other 
compounds of the concrete to form a solid mass. 
In the anhydrous state, four main types of minerals are 
normally present, alite, belite, aluminate (C3A) and a ferrite 
phase (C4AF) when water is added the reaction is 
exothermic and generate heat. The conduction calorimetry 
shows the rate at which the minerals are reacting by 
monitoring the rate at which the heat is evolved (Fig. 8). The 
principal reaction28,29 that occur are as follows: 
Stage I: On adding water some of the clinker sulphates 
and gypsum dissolve producing an alkaline, sulfate-rich, 
solution after mixing the C3A phase react with water to 
forman aluminate rich gel. The gel reacts with sulfate in 
solution to form small rod-like crystals of ettringite. 
Stage-II: Stage II is called dormant or induction period. 
In this stage C3A reaction with water is strongly exothermic 
but does not last long typically only a few minutes, and is 
followed by a period of a few hours of relatively low heat 
evolution.  
Stage-III: Stage III corresponds to main period of 
hydration during which time concrete strength increases. As 
the dominant period progresses, the paste becomes too stiff 
to be workable. At the end of dormant period, the alite and 
belite in the cement start to react, with the formation of 
calcium salicate and calcium hydroxide. The individual 
grains reacts from the surface inwards and the anhydrous 
particles become smaller, C3A hydration continues as fresh 
crystals become accessible to water. The period of 
maximum heat evolution occurs typically between 10 and 
20 hours after mixing and then gradually tails off. T.G. 
studies shows the reduction in hydration by superplasticizer 
upto 24 hours (Table 7 and Fig. 9). After 24 hours the rate of 
hydration shows only marginal difference. 
Figure 8. Conduction calorimetry showing different stages of 
hydration. 
Mechanism of action of superplasticizers 
Superplasticizers cause dispersion into smaller agglomerates 
of cement particles which predominate in the cement paste 
of the concrete mixture.  Due to this dispersion effect, there  
20
40
60
M-20
St
re
ng
th
 N
/m
m
2
0
M-25 M-30 M-35 M-40 M-45
10
30
50
70
28  day characteristic strength 
       without fly ash
th
28  day characteristic strength  
       with fly ash
th
20
30
1 day
S
tr
e
n
g
th
 k
g
/m
m
2
5
15
25
10
3 day 7 day 28 day
Increased strength
with polymer admixture
35
W
it
h
o
u
t 
P
.A
.
W
it
h
 P
.A
.
W
it
h
o
u
t 
P
.A
.
W
it
h
 P
.A
.
W
it
h
o
u
t 
P
.A
.
W
it
h
 P
.A
.
W
it
h
o
u
t 
P
.A
.
W
it
h
 P
.A
.
H
e
a
t 
0 10 20 30 40 50 60
III
I
II (Dormant)
t hours
n
CN
Effect of novel superplasticizer on workability and strength of ready mixed concrete    Section D-Research Paper  
Eur. Chem. Bull. 2013, 2(6), 304-310   DOI: 10.17628/ecb.2013.2.304-310 309 
Figure 9. Studies showing rate of hydration with different 
percentage of polymer admixture. 
 
is a fluidity increase in the cement mixture.30 The dispersion 
mechanism performed by (Sty-co-AN) superplasticizers are 
related more to a steric hindrance effect (product by the 
presence of graft chain) rather than to the presence of 
negatively charged anionic groups.31 In other words we can 
say that, the graft chains of the polymer molecules on the 
cement would hinder by themselves from flocculating into 
large and granular agglomerates of cement particles (Fig.10). 
 
 
Figure 10. Schematic picture of (Sty-co-AN) copolymer and its 
steric hindrance effect on dispersion of cement particles.  
This mechanism would be in the cement with the relating 
smaller number of negative anionic groups (COO
–
) in the 
acrylic polymers products in comparison with those present 
as SO3
–
 in the SEF and SNF polymers.32 
Conclusion 
Superplasticizers are able to enhance the placement 
characteristics of concrete mixtures by increasing the 
workability level at a given w/c. concrete with higher 
characteristic strength and better durability was obtained 
with fly ash and admixture. Thereby replacing cement and 
reducing the cost of concrete and making it environment 
depends the time setting as the RMC is to be transported 
from the plant to the site so it is very useful.   
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SIMULTANEOUS  SPECTROPHOTOMETRIC  
DETERMINATION OF Ni(II) AND Zn(II) IN WASTE WATER 
BY  H-POINT ADDITION STANDARD METHOD   USING 5-
BROMOSALICYLALDEHYDE THIOSEMICARBAZONE 
Le Ngoc Tu[a], Le Van Tan[b]*, Nguyen Xuan Chien[c] 
 
Keywords: H-point standard addition method, nickel and zinc, 5-bromosalicylaldehyde thiosemicarbazone, simultaneous 
determination, spectrophotometry, waste water. 
Optimized and validated spectrophotometric method is proposed for the determination of nickel and zinc simultaneously. 5-
bromosalicylaldehyde thiosemicarbazone (5-BSAT) reacts with nickel(II) and zinc(II) to form [Ni(II)-(5-BSAT)2] and [Zn(II)-5-BSAT] 
complexes, respectively. The maximum absorbance of these complexes was found at 378 nm and 381 nm, respectively. For [Ni(II)-(5-
BSAT)2], Beer’s law is obeyed over the concentration range of 2.0×10-6 M – 6.0×10-5 M with molar absorptivity, ε of 0.92×104 
L.mol−1.cm−1. [Zn(II)-5-BSAT] complex obeys Beer’s law in 2.0×10-6 M – 6.0×10-5 M range with molar absorptivity, ε of 1.08×104 
L.mol−1.cm−1.  A simultaneous spectrophotometric H-point standard addition method (HPSAM) is proposed for the determination of these 
metals. The proposed method is successfully employed in the analysis of  waste water sample for the determination of nickel and zinc 
content. 
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Introduction 
In the literature, due to a strong environmental and 
biological impact, trace metal ions determination has 
received particular attention in the last years. UV-Vis 
spectrophotometry, atomic absorption spectrometry (AAS), 
atomic emission spectrometry (AES), X-ray fluorescence 
spectrometry, inductively coupled plasma - mass 
spectrometry (ICP-MS), voltammetry, high performance 
liquid chromatography (HPLC) and  ion selective electrode 
(ISE) have been used for the determination of metal ions in 
different samples. Among these methods, spectrophotometry 
is a simple, sensitive and effective method for analysis.  
In 1988, H-point standard addition method (HPSAM) was 
reported based on the principle of dual wavelength 
spectrophotometry and the standard addition method. The 
greatest advantage of HPSAM is that it can remove errors 
resulting from the presence of an interference and reagent 
blank. In order to apply HPSAM to resolve mixtures, the 
interferent(s) species should be known.1-3 Due to advantages, 
HPSAM has applied incresingly in the field of simultaneous 
determination of binary mixtures.  
Schiff base ligands have played an integral and important 
role in coordination chemistry since the late 19th century 
and containing strong donor sites like phenoxo oxygen 
atoms as well as imine nitrogen atoms and find extensive 
applications in different fields for their special coordination 
ability with transition metal ions.  
Schiff bases have been developed as chelating 
ligands/catalysts for oxy-genation and oxidation reactions of 
organic compounds, redox systems in biological processes, 
aldol reactions, degradation of dyes through decomposition 
of hydrogen peroxide and other reagents, epoxidation and 
many other applications.4-12 
Nickel and zinc are metals that appear together in many 
real samples. Few reports have been published on the 
simultaneous determination of these ions in different 
samples. This paper describes simultaneous 
spectrophotometric determination of Ni2+ and Zn2+ based on 
their complexes with potential active Schiff base ligand, 5-
bromosalicylaldehyde thiosemicarbazone (5-BSAT)), with 
the aid of chemometric approaches, (HPSAM).  
Experimental 
Chemicals 
Stock solutions of  nickel(II) and zinc(II) (0.01 M) were 
prepared from a suitable mass of respective compounds in 
double distilled water and made up to the mark in a 100-ml 
volumetric flask. Working solutions of these ions were 
prepared by diluting the stock solution to an appropriate 
volume. Buffer solutions were prepared from a suitable 
amount of acetic acid and sodium acetate. All solutions were 
prepared with doubly distilled water. Solutions of various 
diverse ions of suitable concentrations were prepared by 
using A.R grade chemicals. A 0.01 M reagent solution was 
prepared by dissolving 0.0685g of 5-BSAT in 25 ml 
dimethylformamide (DMF).  
Working solutions were prepared by diluting the stock 
solution to an appropriate volume. Working solution of 
reagent was prepared by diluting the stock in DMF solution 
to an appropriate volume. 
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Apparatus 
UV-visible spectra were measured with a Perkin – Elmer 
Lambda 25 spectrophotometer equipped with a 10 mm path 
length quartz cell. The pH value of the solutions was 
measured with a Mettler Toledo digital pH meter.  
Results and Discussion 
Spectra and composition of complexes 
Fig. 1 shows the absorption spectra for Ni-5-BSAT and 
Zn-5-BSAT complexes at pH 6.8  in wavelength range 365–
500 nm. The maximum wavelengths of two complexes are 
378 nm and 381 nm, respectively. As shown in Fig. 1, the 
absorption spectra of the complexes overlapped and cannot 
be well resolved by the traditional procedures using simple 
calibrations. Therefore, the metal ions interfere in the 
spectrophotometric determination of each other.  To solve 
this problem, we used H point standard addition method 
(HPSAM). The  HPSAM’s principle for binary mixtures is 
easy to understand and is presented in many sciencetific 
article. 1-3  
Wavelength Selection 
To select the appropriate wavelength pair for HPSAM, the 
following principles were applied. At the selected 
wavelengths the analyte signal must be linear to its 
concentration, and the interfering signal must remain 
unchanged when changing the analyte concentration. The 
analytical signal obtained from a mixture containing the 
analyte and the interfering ion  should be equal to the sum of 
the individual signals of the two components. In addition, 
the difference in the slopes of the two straight lines 
measured at the two selected wavelengths (1 and 2) must 
be as large as possible in order to obtain good accuracy and 
sensitivity. In this case there were several pairs of 
wavelengths. As shown in Figure 1, the best wavelength pair 
was 370 and 399 nm (1 and 2) and therefore these 
wavelengths were chosen. Standard solutions of Ni2+ and 
Zn2+ were initially tested to validate the applicability of the 
chosen wavelengths.  
The composition of complexes was determined by molar 
ratio method. Two plots for two complexes confirmed a 1:2 
composition for Ni2+ complex and a 1:1 for  Zn2+ complex.  
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Figure 1. Absorption spectra of 5-BSAT reagent, Ni-5-BSAT and 
Zn-5-BSAT complexes at pH 6.8 
Influence of experimental factors 
The overall processes are influenced by pH of the solution, 
concentration of Schiff base and time of the reactions which 
affect the absorbance of the colored products. So, the 
various experimental parameters affecting the development 
of the colored complexes were carefully studied and 
optimized. 
 
Effect of pH 
The complex formation reactions of metal ions with 5-
BSAT depend on pH. In order to find the optimum pH, the 
effect of pH in the range 5–8 on the complex formation 
reactions of a constant concentration of each cation with 5-
BSAT was investigated (Figure 2 ). From the results, it was 
observed that the complexes exhibit maximum absorbance 
in the pH range 6.5–7.0. Hence, further studies were carried 
out at pH 6.8.  
 
0
0.05
0.1
0.15
0.2
0.25
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5
pH
A
Ni - 5-BSAT
Zn - 5-BSAT
 
Figure 2. Effect of pH to the formation of two complexes 
 
Effect of reagent concentration  
The effect of 5-BSAT concentration over the range 2.0× 
10−5 to 1.6 × 10−4 mol L−1 on the determination of 2.0 × 10-
5 M each of Ni2+ and  Zn2+ ions at pH 6.8 buffer solution 
was studied to obtain the maximum color formation. As 
Figure 3 shows, it is apparent that lower concentrations of 5-
BSAT lead to lower complex formations. Therefore from 
the absorbance values, it was observed that, 1.6 × 10−4 
mol.L−1 5-BSAT, eightfold excess over maximum 
concentration of metals, was sufficient to get maximum 
complex formation. 
 
 
 
Figure 3. Effect of reagent concentration to complexation 
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Time effect  
To measure completeness of complex formation reaction, 
the absorbance values of metal-5-BSAT complexes were 
monitored at different intervals of time. For both Ni2+ and 
Zn2+ ions, complex formation was completed after 5 min 
and stable for 20 min. Therefore, absorption measurements 
were performed at the range 5 - 20 min after mixing of 
reagents.  
Individual calibration graphs 
A set of sample solutions with different metal ion 
concentrations were prepared and measurements were 
carried out under the optimum conditions. The calibration 
curves of two analytes measured at different ranges were 
linear in the ranges 2.0 x 10-6 – 6.0 x 10-5 mol.L−1, for Ni2+ 
and Zn2+. The molar absorptivitys, ε of  two complexes were 
0.92×104 and 1.08×104 L.mol−1.cm−1, respecttively. 
Study of interferences 
The effects of foreign species on the simultaneous 
determination of Ni2+ and Zn2+ were investigated by 
measuring the absorbance of the solutions containing 2.0 x 
10-5 mol L−1 of each metal ion in the presence of various 
amounts of other ions. The tolerance limit was taken as the 
amount of added ion causing less than 5% relative error in 
the determination of Ni2+ and Zn2+. 
Table 1 summarizes the maximum tolerances of the 
investigated cations and anions. The results show that Cu2+, 
Cr3+, Fe3+, Co2+, Cd2+ ions interfere strongly in the 
complexation of Zn2+ and Ni2+ with 5-BSAT. 
Table 1. Interference concentration of Fe3+, Cd2+, Co2+, Pb2+, Cu2+, 
Ca2+, Mg2+, Mn2+, Al3+, Cr3+ ions to the mixture of  Ni(II) – 5-
BSAT 2.10-5M and  Zn(II) – 5-BSAT 2.10-5 M 
Ion C•106 (M) Ion C•106 (M) 
Fe3+ 4 Co2+ 8 
Cd2+ 12 Pb2+ 40 
Cu2+ 4 Ca2+ very large 
Mg2+ 100 Mn2+ 40 
Al3+ 32 Cr3+ 4 
Analytical application 
 
Analysis of synthetic samples 
Application of the proposed methods to the analysis of 
prepared mixtures (Table 2) showed satisfactory results for 
the simultaneous determination of Ni2+ and Zn2+. 
Analysis of real samples 
To demonstrate the applicability of the optimized methods 
to real samples, it was applied to the simultaneous 
determination of Ni2+ and Zn2+  in waste water. The 
concentrations of Ni2+ and Zn2+  were determined by 
HPSAM at a wavelength pair of  370 and 399 nm. 
Concentrations of Ni2+ and Zn2+ in the samples were also 
determined by atomic absorption spectrometry (AAS). The 
results are given in Tables from 3 to 6. The amounts of 
metal ions obtained by the proposed methods were in good 
agreement with those obtained by AAS (SMEWW 3500-
2005). Moreover, the calculated results proved that the 
proposed method was suitable for the simultaneous 
determination of Ni2+ and Zn2+ in complex mixtures. 
Table 2. Results of several experiments for the analysis of  Zn2+ 
and Ni2+mixture in different concentration ratios by HPSAM at  
wavelength pair λ1 = 370 nm, λ2 = 399 nm where C is the 
concentration. 
Mixture Cadded•106 (M) Cfound•106 (M) 
H1 
Zn2+  5.00 4.97 ± 0.24 
Ni2+ 5.00 4.98 ± 0.24 
H2 
Zn2+  5.00 5.05 ± 0.15 
Ni2+ 10.00 9.97 ± 0.06 
H3 
Zn2+  10.00 9.99 ± 0.21 
Ni2+ 5.00 5.03 ± 0.13 
H4 
Zn2+  10.00 10.05 ± 0.09 
Ni2+ 10.00 9.93± 0.09 
 
Table 3.  Analytical results of  Ni2+ and Zn2+ mixture in  ceramic 
waste water of by HPSAM  
*Equations of of the standard addition calibration lines at 
λ1=370 nm, λ2=399 nm, respectively; C is the added 
Zn2+concentration, C1=Zn2+ concentration x10-6; C2-Ni2+ 
concentration x 10-6. 
 
Table 4: Comparison between experimental contents of Ni2+  and 
Zn2+ in ceramic waste water of  by HPSAM and AAS method  
 Ions 
Results by 
HPSAM,mg L-1 
Results by ASS 
method (mg L-1) 
Reco-
very,% 
1 Ni2+ 2.13 2.21 96.38 
2 Zn2+ 1.42 1.48 95.95 
 
Table 5.  Analytical results of  Ni2+ and Zn2+ mixture in  plated 
waste water of by HPSAM  
No Equation A – C R C1 C2 
1 
A=0.0161C+0.1350 0.9994 
8.33 3.63 
A=0.0073C+0.1031 0.9990 
2 
A=0.0159C+0.1362 0.9992 
8.24 3.80 
A=0.0074C+0.1039 0.9991 
3 
A=0.0157C+0.1387 0.9992 
8.47 3.85 
A=0.0071C+0.1054 0.9988 
Average concentration (mol/l) 
8.35 ± 
0.29 
3.76 ± 
0.29 
Average concentration (mg/l) 
2.45 ± 
0.09 
1.23 ± 
0.10 
No Equation A – C* R C1 C2 
1 
A=0.0159C+0.1363 0.9990 
  
A=0.0072C+0.0987 0.9991 
2 
A=0.0162C+0.1366 0.9993 
6.96 4.48 
A=0.0072C+0.0963 0.9992 
3 
A=0.0160C+0.1359 0.9990 
7.40 4.24 
A=0.0073C+0.0990 0.9988 
Average concentration  (mol L-1) 
7.26 ± 
0.64 
4.35 ± 
0.30 
Average concentration (mg L-1) 
2.30 ± 
0.19 
1.42 ± 
0.09 
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Table 6. Comparison between experimental contents of Ni2+ and 
Zn2+ in plated waste water of  by HPSAM and AAS method  
No Ions 
Results by 
HPSAM, mgL-1 
Results by ASS 
method, mgL-1 
Recovery 
(%)  
1 Ni2+ 2.45 2.55 96.08 
2 Zn2+ 1.23 1.30 94.62 
Conclusion 
Spectrophotometric measurements using a new Schiff 
base (5-BSAT), as an analytical reagent, and chemometric 
modeling showed that the HPSAM are simple and efficient 
methods for simultaneous determination of mixtures of Ni2+ 
and Zn2+ in waste water. High analytical potential of the 
HPSAM created satisfactory results. The methods offer 
good procedures for the analyzing of complex mixtures, 
using simple spectrophotometer, which is available in most 
laboratories and without any separation steps. 
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CORROSION INHIBITOR ALOE VERA – NICKEL SYSTEM 
CONTROLLING THE CORROSION OF CARBON STEEL IN 
RAIN WATER   
 
A. John Amalraj[a]*, J. Wilson Sahayaraj[b], C. Kumar[c], Susai Rajendran[d,e], 
A. Peter Pascal Regis[f], S.K. Selvaraj[d] and R. Mohan[g] 
 
Keywords: corrosion inhibition, Aloe Vera, rain water, carbon steel. 
 
The corrosion inhibition efficiency of an aqueous extract of Aloe Vera (AV) in controlling the corrosion of carbon steel rain water in 
absence and presence of with Ni2+ has been studied by weight loss method. Weight loss study reveals that the formulation consisting of 5 ml 
of AV and 50 ppm of Ni2+ has 98% inhibition efficiency. The results of polarisation study show that the formulation function controls the 
cathodic reaction predominantly. The AC impedance spectra reveal that a protective film formed on the metal surface. The UV – visible 
absorption spectra indicates the possibility of formation of Fe2+-AV complex and also Ni2+-AV complex in the solution. FTIR spectrum 
reveal that the protective film consists of Fe2+-AV complex and Ni(OH)2. 
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Introduction 
Natural products are nontoxic, biodegradable and readily 
available. The recent trend in research on environmental 
friendly corrosion inhibitors is taking us back to exploring 
the use of natural products as possible sources of cheap, 
nontoxic, and eco-friendly corrosion inhibitors. These 
natural products are either synthesized or extracted from 
aromatic herbs, spices, and medicinal plants. Of incre-
asing interest is the use of medicinal plant extracts as 
corrosion inhibitors for metals in acid solutions. This is 
because these plants serve as incredibly rich sources of 
naturally synthesized chemical compounds that are 
environmentally acceptable, inexpensive, readily available, 
and renewable sources of materials.1,2 These chemicals 
include alkaloids, flavonoids, terpenoids, glycosides, tannins, 
saponins, fats and oils, and carbohydrates, and so forth.3-11 
several plant extracts12-16 and eco-friendly inhibitors17,18 
attracted the researchers. Investigation of natural inhibitors 
is particularly interesting because they are non-expensive, 
ecologically friendly/acceptable and possess no threat to the 
environment. The present work is undertaken: 
1. to evaluate the inhibition efficiency (IE) of an aqueous 
extract of Aloe Vera (AV) in controlling the corrosion of 
carbon steel in Rain water, in the absence and presence of 
Ni2+, 
2. to understand the mechanistic aspects of corrosion 
inhibition by potentiodynamic polarization studies and AC 
impedance analysis, 
3. to analyse the protective film formed on the carbon 
steel by FTIR spectra and fluorescence spectra, and 
4. to propose a suitable mechanism for corrosion 
inhibition. 
Methods and Materials 
Preparation of Plant extract 
An aqueous extract of Aloe Vera was prepared by 
grinding 50 g of Aloe Vera with double distilled water, 
filtering and suspending impurities, and making up to 500 
ml. The extract was used as corrosion inhibitor in the 
present study. 
Preparation of specimens 
Carbon steel specimens (0.0267% S, 0.06% P, 0.4% Mn, 
0.1% C and the rust iron) with dimensions of 1.0 cm x 4.0 
cm x 0.2 cm were polished to a mirror finish and degreased 
with trichloroethylene. 
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Weight-loss method 
Relevant data on the rain water used in this study are 
given in Table 1. Carbon steel specimens in triplicate were 
immersed in 100 ml of the solutions containing various 
concentrations of the inhibitor in the presence and absence 
of Ni2+ for one day. The weight of the specimens before and 
after immersion determined using Shimadzu balance, model 
AY62. The corrosion products were cleansed with Clarke’s 
solution.19 The inhibition efficiency (IE) was then calculated 
using the equation  
IE = 100 [1–(W2 / W1)] % 
where W1 and W2 are the corrosion rates in the absence and 
presence of the inhibitor, respectively. 
Table 1. Parameters of rain water 
Parameter Value 
pH 6.82 
Conductivity 115 μ mhos cm-1 
TDS 24 ppm 
Chloride 12 ppm 
Sulphate 3 ppm 
Total hardness 20 ppm 
Potentiodynamic polarization study 
Polarization studies were carried out in an H & CH 
electrochemical work station impedance analyzer model 
CHI660A. A three electrode cell assembly was used. The 
working electrode was carbon steel. A saturated calomel 
electrode (SCE) was used as the reference electrode and a 
rectangular platinum foil was used as the counter electrode. 
AC impedance measurements 
The instrument used for polarization was also used for AC 
impedance study. The cell set up was the same as that used 
for polarization measurements.  The real part and imaginary 
part of the cell impedance were measured in ohms at various 
frequencies. The values of charge transfer resistance (Rt) and 
the double layer capacitance (Cd1) were calculated. 
Surface Examination 
The carbon steel specimens were immersed in various test 
solutions for a period of one day, taken out and dried. The 
nature of the film formed on the surface of metal specimens 
was analysed by FTIR spectroscopic study. 
Fluorescence spectra 
These spectra were recorded in a Hitachi F–4500 
fluorescence spectrophotometer. 
FTIR Spectra 
FTIR spectra were recorded in a Perkin – Elmer 1600 
spectrophotometer. The film was carefully removed, mixed 
thoroughly with KBr made in to pellets and FTIR spectra 
were recorded. 
Results and Discussion  
Analysis of result of weight – loss method 
The corrosion rate (CR) of carbon steel immersed in rain 
water (shown in Table 1) in the absence and presence of 
inhibitor systems are given in Tables 2-4. The inhibition 
efficiency (IE) are also given in these Tables. It is seen from 
Table 2 that the aqueous extract of Aloe Vera (AV) alone is 
not a good inhibitor. But in presence of Ni2+, it shows 
excellent inhibition efficiency. As the concentration of Ni2+ 
increases, the inhibition efficiency (Table 3) also increases. 
For example, 5 ml AV shows 5% IE. 50 ppm of Ni2+ shows 
44% IE. But it is interesting to note that the formation 
consisting of 5 ml AV and 50 ppm Ni2+ shows 98% IE.  This 
suggests that a synergistic effect exist between Ni2+ and AV 
solution. That is mixed inhibitors shows better inhibition 
efficiency than individual inhibitors. This is accounts for 
very high IE offered by AV- Ni2+ system. As the immersion 
period increases, IE decreases (Table 4-6). This is due to 
that Ni2+-AV complexes are not much transported towards 
the metal surface. Hence inhibition efficiency decreases. 
Table 2. Corrosion rates (CR) of carbon steel in aqueous solution 
in the presence of inhibitor and the inhibition efficiency obtained 
by weight loss method (inhibitor system: AV alone; immersion 
period: one day). 
S.No. 
AV 
ml 
Ni2+ 
ppm 
IE 
% 
CR 
mdd 
1 0 0 - 41.00 
2 1 0 –20 49.20 
3 2 0 –15 47.15 
4 3 0 –3 42.23 
5 4 0 –2 40.18 
6 5 0 5 38.95 
Table 3. Corrosion rates (CR) of carbon steel in aqueous solution 
in the presence of inhibitor and the inhibition efficiency obtained 
by weight loss method (inhibitor system: Ni2+ alone; immersion 
period: one day). 
S.No. 
AV 
ml 
Ni2+ 
ppm 
IE 
% 
CR 
mdd 
1 0 0 - 41.00 
2 0 10 12 36.08 
3 0 20 12 36.08 
4 0 30 22 31.98 
5 0 40 34 27.06 
6 0 50 44 22.96 
Table 4. Corrosion rates (CR) of carbon steel in aqueous solution 
in the presence of inhibitor and the inhibition efficiency obtained 
by weight loss method (inhibitor system: AV + Ni2+ system; 
immersion period: one day). 
S.No. 
AV 
ml 
Ni2+ 
ppm 
IE 
% 
CR 
mdd 
1 0 0 - 41.00 
2 1 50 44 22.96 
3 2 50 51 20.09 
4 3 50 56 18.04 
5 4 50 66 13.94 
6 5 50 98 0.82 
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Table 5. Corrosion rates (CR) of carbon steel in aqueous solution 
in the presence of inhibitor and the inhibition efficiency obtained 
by weight loss method (inhibitor system: AV + Ni2+ system; 
immersion period: two days).  
S.No. 
AV 
ml 
Ni2+ 
ppm 
IE 
% 
CR 
mdd 
1 0 0 - 12.00 
2 1 50 4 11.50 
3 2 50 8 11.04 
4 3 50 17 9.96 
5 4 50 33 8.04 
6 5 50 66 4.10 
Table 6. Corrosion rates (CR) of Carbon steel in aqueous solution 
in the presence of inhibitor and the inhibition efficiency obtained 
by weight loss method (inhibitor system: AV + Ni2+ system; 
immersion period: three days). 
S.No. 
AV 
ml 
Ni2+ 
ppm 
IE 
% 
CR 
mdd 
1 0 0 - 5.00 
2 1 50 17 4.15 
3 2 50 20 4.00 
4 3 50 21 3.96 
5 4 50 30 3.50 
6 5 50 37 3.16 
Analysis of results of polarisation study 
The polarization curves of carbon steel immersed in rain 
water in the presence and absence of inhibitors are shown in 
Figure 1. The corrosion parameters are given in Table 7. 
When carbon steel is immersed in rain water environment, 
the corrosion potential is –602 mV vs saturated calomel 
electrode (SCE). When 5 ml of AV and 50 ppm of Ni2+ are 
added to the rain water, the corrosion potential shifts to the 
cathodic side (–616 mV vs SCE). This suggests that this 
formulation controls the cathodic reaction predominantly. 
The Tafel slopes ba and bc for this system are not shifted 
equally (203 mV decade-1 and 130 mV decade-1). 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Polarization spectra. a: rain water, b: rain water 
containing 5 ml AV + 50 ppm of Ni2+. 
Table 7. Corrosion parameters of carbon steel immersed in various 
test solutions obtained by polarization method. (inhibitor system: 
AV + Ni2+ system). 
System 
Ecorr, mV 
vs SCE 
bc , mV 
decade-1 
ba , mV 
decade-1 
LPR 
Ω cm2 
Icorr 
A cm-2 
Rain water –602 184 235 144795 
2.647·1
0–7 
Rain water 
+ 5 ml of 
AV + 50 
ppm of Ni2+ 
–616 203 130 169700 
2.385·1
0–7 
When carbon steel immersed in rain water, the corrosion 
current, Icorr is 2.647·10–7 A cm-2. When 5 ml of AV and 50 
ppm of Ni2+ is added to rain water, the Corrosion Current 
decreases from 2.647·10–7 to 2.385·10–7 A cm-2. Linear 
polarization resistance (LPR) value increases from 144795 
Ω cm2 to 169700 Ω cm2. This indicates that protective film 
formed on the metal surface.20-26 
Analysis of the results of AC impendence studies 
The AC impedance spectra of carbon steel immersed in 
rain water, in the presence and absence of inhibitors, are 
shown in Figure 2. The AC impedance parameters namely 
charge transfer resistance (Rt) and the double layer 
capacitance (Cdl) are given in Table 8. When the carbon 
steel immersed in rain water, the Rt value is 1299  cm
2
 and 
the Cdl value is 4.4·10–10 F cm-2. When 5 ml of AV and 50 
ppm of Ni2+ are added to the rain water, the Rt value is 
increased from 1299 to 1336 Ω cm2 and the Cdl value has 
decreased from 4.4·10–10 to 1.9·10–10 F cm-2.  
The increase in Rt values and decrease in Cdl values 
confirms that a protective film is formed on metal surface. 
This decreases corrosion rate of carbon steel and increases 
the inhibition efficiency. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Polarization spectra. a: rain water, b: rain water 
containing 5 ml AV + 50 ppm of Ni2+. 
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Table 8. Corrosion parameters of carbon steel immersed in various 
test solution obtained by AC impedance spectra. 
System 
Rt 
Ω cm2 
Cdl 
F cm-2 
Rain water 1299 4.4·10–10 
Rain water + 5 ml of AV 
+ 50 ppm of Ni2+ 
1336 1.9·10–10 
UV-Visible spectral study 
The UV fluorescence spectra are given in Figure 3. It is 
observed from Figure 3c that AV has maximum absorbance 
of 197.73 at 1.483 nm and the absorbance fall sharply and 
reaches 0.0015 at 378 nm. The Figure 3d reveals that AV-
Ni2+ gives a maximum absorbance of 1.1483 at 197.73 nm 
and decreases sharply with increase in wavelength and 
reaches 0.0015 at 383 nm. The increase in the absorbance 
value on the addition of Ni2+ clearly indicates the occurrence 
of interaction between Ni2+ and AV. When Fe2+ added to 
AV (Figure 3e), two small peaks have appeared at 211.7 nm 
(abs 0.4170) and at 197 (abs 0.2710). The appearance of 
these two peaks is a clear proof for the formation of 
complex between Fe2+ and AV. The UV–visible absorption 
spectra indicate the possibility of the formation of Fe2+-AV 
complex and also Ni2+-AV complex in the solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. UV fluorescence spectra. a: Ni2+, b: Fe2+, c: AV, d: AV + 
Ni2+, e: AV + Fe2+.  
FTIR spectra 
The FTIR spectra are given in Figure 4. The active 
principle in an aqueous extract of Aloe Vera is shown in 
Scheme 1. It contains phenolic -OH group and carboxyl 
(C=O) group. 
 
 
 
 
Scheme 1 
 A few drops of an aqueous extract of aleo vera(AV) was 
dried on a glass plate. A solid mass was obtained. Its 
spectrum is shown in Figure 4a. The hydroxyl (-OH) group 
appears at 3431 cm–1 and carboxyl group (C=O) appears at 
1631 cm–1. The FTIR spectrum of the protective film formed 
on the metal surface after immersion in the solution 
containing 5 ml of AV, 50 ppm of Ni2+ is shown in the 
Figure 4b. The phenolic -OH stretch shifted from 3431 cm–1 
to 3408 cm–1. The C=O stretching shifted from 1631 cm–1 to 
1629 cm–1. These shifts confirm the formation of Fe2+-Aloe 
Vera complex on the anodic sites of the metal surface.26,27 
The peak at 1367 cm–1 is due to Ni(OH)2 formed on the 
catholic sites of the metal surface. Thus the FTIR spectrum 
studies leads to the conclusion that the protective film Fe2+- 
Aloe Vera complex formed on the anodic sites of metal 
surface and Ni(OH)2 formed on the cathode sites of metal 
surface. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  FTIR spectra. a: pure Aloe Vera extract, b: film formed 
on carbon steel after immersion in rain water containing 5 ml of 
AV and 50 ppm of Ni2+. 
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Mechanism of corrosion inhibition 
Weight loss study reveals that the formulations consisting 
of 5 ml of AV and 50 ppm of Ni2+ has 98% inhibition 
efficiency. FTIR spectrum reveals that the protective film 
consist of Fe2+-AV complex and Ni(OH)2. In order to 
explain the above observation the following mechanism of 
corrosion inhibition is proposed.28-30 
1. When the environment consisting of 5 ml of AV and 50 
ppm of Ni2+ is prepared, there is formation of Ni2+-AV 
complex. 
2. When carbon steel is introduced in this solution, there is 
diffusion of nickel complexes towards the metal surface. 
3. On the metal surface, nickel complex are converted into 
iron complexes on the anodic sites. 
               Ni
2+ 
-AV  +  Fe
2+ 
  →  Fe2+-AV  +  Ni2+ 
4. The released Ni2+ combines with OH– to form Ni(OH)2  
on the cathodic sites. 
            Ni
2+  
+ 2 OH
– 
  →  Ni(OH)2    
5. Thus the protective film consist of Fe2+-AV complex 
and Ni(OH)2. 
Conclusion 
Weight Loss study reveals that the formulation consisting 
of 5ml of AV and 50 ppm of Ni2+ has 98% inhibition 
efficiency. 
The results of polarisation study show that the formulation 
function controls the cathodic reaction predominantly. 
The AC impedance spectra reveal that a protective film 
formed on the metal surface. 
The UV–visible absorption spectra indicate the possibility 
of formation of Fe2+-AV complex and also Ni2+-AV 
complex in the solution. 
FTIR spectrum reveal that the protective film consists of 
Fe2+-AV complex and Ni(OH)2. 
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An ionic liquid promoted green and environment friendly synthesis of N-tosyl imines of aromatic aldehydes is described. The present 
protocol involves use of ionic liquid without any added catalyst to afford the corresponding products in moderate to excellent yield (80-
95%). The process is easy for isolation, tolerance towards both electron-donating and electron-withdrawing substrates which makes it as a 
valuable method in synthetic chemistry.  
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Introduction 
Ionic liquids (IL) are the molten organic salts which are 
liquid at temperatures below 100 °C. These salts are liquid 
at room temperature hence called as room temperature ionic 
liquids liquids. Ionic liquids have very low vapor pressure, 
high boiling points and their polarity can be varied in wide 
range depending on the nature of both anions and cations.  
ILs are used as preferable solvents in a number of organic 
reactions. In addition, recycling and reuse of IL is possible 
and their application is so called “working solutions” 
wherein a catalyst is dissolved and this phase can be easily 
separated and reused. Ionic liquids have many fascinating 
properties which make them fundamental to all chemists.  
N-tosyl imines are versatile intermediates in organic 
synthesis.1 N-tosyl imines find utility as electron deficient 1, 
3-azabutadiene equivalents in inverse electron demand 
Diels-Alder chemistry,2 electrophilic aza-aldehyde 
equivalents in addition reactions,3 reactive olefin equivalents 
in ene reactions ,4 or as precursors to N-sulfonyloxaziridines 
which have utility as chiral oxidants.5 Due to the broad 
synthetic utility of tosylimines, numerous methods have 
been developed for their synthesis. These methods include 
utilization of tellurium metal and chloramines,6 
rearrangement of oxime N-sulfinates, 7 Lewis acid-promoted 
reaction of sulfonamide with aldehyde or acetals,8  additions 
of N-sulfinyl sulfonamide to aldehydes in the presence of   
BF3-Et2O, using sodium benzenesulfinate in formic acid,9 
using TiCl4,10 and in the presence of trifluoroacetic 
anhydride as the dehydrating agent.11 They are also 
synthesized from aziridines using palladium catalyst.12 N-
tosyl imines are difficult to prepare via condensation 
reactions. Typically the condensation of sulfonamides with 
arylaldehyde requires harsh conditions and usually results in 
lower yields in long time period. The classical reactions are 
generally carried out in benzene, toluene, DCM etc. and also 
suffer from various disadvantages such as use of 
environmentally hazardous solvents /reagents, tedious work-
up procedure, prolonged long reaction period, less yield, 
expensive catalyst etc. Due to harsh reaction conditions, 
prolonged time period, less yield and to avoid molecular 
solvents, the development of new methods for the synthesis 
of N-tosyl imines under mild conditions is necessary. An 
ideal method would be general, atom economical and would 
not require toxic or other hazardous reagents.  
Thus, the use of solvents such as water, supercritical fluids 
and ionic liquids has received much attention in recent times 
in the area of green synthesis. In this respect, ambient 
temperature ionic liquids have emerged as a set of green 
solvents with unique properties such as tunable polarity, 
high thermal stability and immiscibility with a number of 
organic solvents, negligible vapour pressure and 
recyclability.13 
Their high polarity and ability to solubilise both organic 
and inorganic compounds can result in enhanced rates of 
chemical process and provide higher selectivity as compared 
to conventional solvents. Recently these ionic liquids are 
found to work as efficient dehydrating agents. They are 
emerging as novel replacements for volatile organic solvents 
in organic synthesis. Ionic liquids, however, have been used 
as promoters and solvents although they provide advantages 
of easy recovery and reuse of reaction media. Moreover, 
ionic liquids are inexpensive and simple to prepare and easy 
to recycle and their properties can be fine-tuned by changing 
the anion or the alkyl group attached to the cation. 
In view of the emerging importance of the imidazolium 
based ionic liquids as novel reaction media and in our 
ongoing investigation on imidazolium based ionic liquids 
we wish to report an environmental friendly and recyclable 
solvent system for the synthesis of N-tosylimines of aryl 
aldehydes (Scheme 1). 
In addition to the above-mentioned salient features of ILs 
as reaction media, we have also recently shown that they can 
also promote and catalyse organic transformations of 
commercial importance under ambient conditions without 
the need for any added catalyst or ligand. As a part of our 
comprehensive ongoing programme on ionic liquid 
promoted organic transformations, we chose to evolve an 
efficient and ecofriendly process for the synthesis of N-tosyl 
imines in ambient temperature ionic liquid as reaction media 
and promoters in the absence of any added catalyst. 
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Table 1.  Condensation of different arylaldehyde (1) with p-toluene sulfonamide (2) in [Bbim]Br at 110 °C 
 
a: Isolated yield after crystallization 
Herein we disclose a successful outcome of this endeavor 
in which sulfonamide is condensed with aromatic aldehydes 
in IL and afforded excellent to moderate yield of products in 
short reaction time.  
Experimental  
All chemicals were of research grade and were used as 
obtained from Aldrich or Fluka. The ionic liquid [bbim]Br 
was prepared as per the method already reported.14 Melting 
points were uncorrected. IR spectra were recorded on 
Mattson Research Series FTIR spectrometer, mass spectra 
on Finnigan Mat-1020 automated GC/MS spectrometer and 
1H NMR spectra on Bruker-200 MHz spectrometer. 
General procedure for the condensation of aldehyde (1) with p-
toluene sulfonamide (2) in ionic liquid  
To a mixture of aldehyde (1 mmol) and p-toluene 
sulfonamide (1 mmol) requisite amount of dry ionic liquid 
[Bbim]Br was added and the contents were stirred at 110-
120 oC temperature. The completion of reaction was 
followed by TLC using 40% EtOAc in petroleum ether as 
eluent. After completion, the reaction mixture was diluted 
with water (25 ml) and filtered. The product thus obtained 
was pure (single spot on TLC). It was subjected to further 
purification by crystallization using ethyl acetate to obtain 
pure product and characterized. The aqueous layer  
consisting IL was subjected to distillation (80 oC, 10 mm 
Hg) for 2 h to remove water, leaving behind the IL, 
[Bbim]Br (recovery 98%), which was reused three times 
with minor loss in yield. All the compounds described 
herein are reported in literature. The compounds were 
characterized by spectral data and physical constants 
reported earlier.  
The spectral data of compounds is mentioned below: 
Product Table 1, entry 3a (E)-N-(4-methylbenzylidene)-4-
methylbenzenesulfonamide: 1H NMR (CDCl3): δ 2.38 (s, 
6H), 7.20 (d, 2H), 7. 30 (d, 2H), 7.78 (d, 2H), 7.88 (d, 2H), 
8.92 (s, 1H). 13C NMR (CDCl3): δ 20.0, 124, 126.5, 130, 
132, 130, 133, 137.4, 145.5, 172. Mass spectrum, m/z 
(relative intensity): 274.1(M+1). 
Product Table 1, entry 3b (E)-N-(4-methoxy-
benzylidene)-4-methylbenzenesulfonamide:  1H NMR 
(CDCl3): δ 2.38 (s, 3H), 3.80 (s, 3H), 7.2 (d, 2H), 7.30 (d, 
2H), 7.84 (d, 2H), 8.0 (d, 2H), 8.96 (s, 1H). 13C NMR 
(CDCl3): 20.2, 57.2, 117, 126, 129.2, 131, 135.4, 137.2, 
146.2, 167, 171. Mass spectrum, m/z (relative intensity): 
290.1(M+1). 
Product Table 1, entry (3d) (E)-N-(4-chlorobenzylidene)-
4-methylbenzenesulfonamide: 1H NMR (CDCl3): δ 2.39 (s, 
3H), 7.20 (d, 2H), 7.40 (d, 2H), 7.90 (dd, 4H), 9.10 (s, 1H). 
13C NMR (CDCl3): δ 21.5, 127.4, 129.2, 130, 130.3, 131.7, 
137, 142.5, 147, 170.4. Mass spectrum, m/z (relative 
intensity): 294.0 (M+1). 
Product Table 1, entry 3e (E)-N-(2-Chloro-benzylidene)-
4-methylbenzenesulfonamide: 1H NMR (CDCl3): δ 2.40 (s, 
Entry R R’ Melting point, ◦C Product Time (min) bYield, % 
[Bbim][BF4] [Bbim][Br] 
1 CH3 4-Me 116-118 3a 75 84 85 
2 CH3 4-MeO 124-128 3b 90 85 84 
3 CH3 4-NO2 162-170 3c 80 82 82 
4 CH3 4-Cl 174-176 3d 105 90 90 
5 CH3 2-Cl 130-132 3e 150 88 88 
6 CH3 2-F 120–125 3f 120 85 86 
7 CH3 H 105–108 3g 90 95 95 
8 CH3 4-Br 200–204 3h 110 86 85 
9 CH3 2,5-MeO 120-124 3i 190 80 80 
10 H 4-Me 110-112 3j 180 84 84 
11 H 4-MeO 130-134 3k 140 85 85 
12 H 4-NO2 110-112 3l 110 82 82 
13 H 4-Cl 128-132 3m 95 90 92 
14 H 2-Cl 132-136 3n 130 87 89 
15 H 2-F 119-125 3o 170 87 88 
16 H H 80-82 3p 90 92 94 
17 H 4-Br 198-204 3q 120 82 84 
18 H 2,5-MeO 118-124 3r 180 81 82 
CHO SO2NH2
N S
O
O
[bbim][Br], 110 oC
75-180 min
[bbim][Br] promoted synthesis of N-tosylimines
Scheme
R1 R
(1) (2)
R1 R
Ionic liquid promoted synthesis of N-tosyl imines           Section A-Research Paper 
Eur. Chem. Bull. 2013, 2(6), 320-323    DOI: 10.17628/ecb.2013.2.320-323 322 
3H), 7.4-7.8 (m, 8H), 9.20 (s, 1H). 13C NMR (CDCl3): δ 
21.5, 127.4, 129, 130, 131.2 132.4, 132.4, 135.2, 136.8, 171. 
Mass spectrum, m/z (relative intensity): 294.0 (M+1). 
Product Table 1, entry 3g (E)-N-Benzylidene-4-
methylbenzenesulfonamide: 1H NMR (CDCl3): δ 2.40 (s, 
3H), 7.30 (d, 2H), 7.52 (t, 2H), 8.02 (t, 1H), 7.68–7.78 (m, 
4H), 9.10 (s, 1H). 13C NMR (CDCl3): δ 20.6, 127.4, 128.6, 
129.1, 130.2, 134.8, 142, 146.2, 168.1. Mass spectrum, m/z 
(relative intensity): 260.1(M+1). 
Product Table 1, entry 3h (E)-N-(4-Bromobenzylidene)-4-
methylbenzenesulfonamide: 1H NMR (CDCl3): δ 2.40 (s, 
3H), 7.20–7.68 (m, 8H), 8.6 (s, 1H). 13C NMR (CDCl3): 
21.8, 123.8, 127.1, 130, 130.8, 131.5, 134.5, 169.0. Mass 
spectrum, m/z (relative intensity): 337.9 (M+1). 
Product Table 1, entry 3i (E)-N-(2,5-Dimethoxy-
benzylidene)-4-methylbenzenesulfonamide: 1H NMR 
(CDCl3): δ 2.34 (s, 3H), 3.58 (s, 3H), 3.85 (s, 3H), 7.10–
7.76 (m, 7H), 9.41 (s, 1H). 13C NMR (CDCl3): δ 22.2, 54.2, 
57.1, 109.8, 112.9, 120.6, 124.4, 128.2, 131.8, 135.2, 145.1, 
152.8, 157.4, 166.8.  Mass spectrum, m/z (relative 
intensity): 320.2 (M+1). 
Product Table 1, entry 3o (E)-N-(2-Fluoro-
benzylidene)benzenesulfonamide: 1H NMR (CDCl3) δ 9.32 
(s, 1H), 8.21 (d, 1H), 7.85 (d, 2H), 7.40–7.52 (m, 3H), 7.32 
(t, 2H), 7.18 (t,1H); 13C NMR (CDCl3): δ 20.5, 126.3, 128.4, 
129.6, 130.2, 131.4, 132.4, 136.2, 137.2, 169.0. Mass 
spectrum, m/z (relative intensity): 264.15 (M+1). 
Product Table 1, entry 3p (E)-N-
benzylidenebenzenesulfonamide (3p): 1H NMR (CDCl3): 
7.55 (m, 6H), 8.2 (m, 4H), 9.10 (s, 1H) Mass spectrum, m/z 
(relative intensity): 246.1 (M+1). 
Result and Discussion 
The reaction was tried at ambient temperature, but it does 
not proceed even when continued for longer time (24 h). But 
no progress in reaction was observed on TLC, so we 
increased temperatures slowly to 110 oC temperature. The 
reaction proceeds very well but below this temperature there 
was no reaction or no product formation was observed. This 
was due to reversible reaction. Higher temperature above 
110 oC didn’t show any shortening of reaction time.  
As we got excellent results in the synthesis of tosyl imines 
using IL [bbim]BF4 as compared to [bbim]Br with 
respective to yield and time period. So we except same 
results from [Hbim]BF4, but unfortunately we didn’t got 
similar results as [bbim]BF4 with respect to yield and time. 
We had done this reaction in different ionic liquids as shown 
in Table 2, we found that [bbim]Br and [bbim]BF4 giving 
excellent to moderate yield as compared to other ILs. 
[bbim]Br is water soluble and it facilitates easy isolation 
procedure so we used [bbim]Br for the remaining substrates.  
Earlier the same reaction has been carried out under 
microwave irradiation. But as the microwave irradiations are 
non-conventional, it cannot be suitable for industrial 
purpose. Our process is a conventional process; hence can 
be used as industrial process.  
Table 2: Condensation of benzaldehyde (1a) with p-toluene 
sulfonamide (2) at 110 oC 
Entry ILs Yielda, (%) Time, h 
1 [Bbim]Br 81 4 
2 [Bbim]BF4 81 4 
3 [Bbim]PF6 78 12 
4 [Bbim]ClO4 65b 12 
5 [Hbim]Br 64 b 12 
6 [Hbim]BF4 70 7 
7 [Hbim]PF6 55 b 12 
8 [Hbim]ClO4 45 b 12 
aIsolated yield after crystallization; bRemaining unreacted starting 
material  was recovered 
We also tried to condense arylaldehyde (benzaldehyde 1a) 
with p-toluene sulfonamide (2) in different molecular 
solvents such as methanol, ethanol, dioxane, DMF and 
DMSO without any added catalyst at reflux temperature for 
12 h. But no product formation was observed. When it was 
refluxed in toluene for same time period it gives little bit 
product (23-25 %) formation as shown in Table 3. 
Table 3: Condensation of benzaldehyde with p-toluene 
sulphonamide at refluxed temperature of respective molecular 
solvent 
Sr. No. Molecular solvent Yielda Time, h 
1 Toluene 25 12 
2 Methanol - 12 
3 Ethanol - 12 
4 Dioxane - 12 
5 DMF - 12 
6 DMSO - 12 
aIsolated yield 
From this we concluded that inherent Lewis/Bronsted 
acidity of imidazolium ionic liquids promoted this facile 
synthesis. We tried to perform this reaction using catalytic 
amount of ionic liquid in molecular solvent, but we 
observed that this reaction does not proceed without using    
equivalent amount of ionic liquid. As in some cases reaction 
was not completed after long time period also so we isolated 
the products and to obtain pure product we loaded on silica-
gel, but we observed that some of these compounds are 
decomposed on acidic silica gel so we purified the 
compound after crystallization using appropriate solvents 
and in some cases column chromatography was essential 
using neutral silica gel. 
Herein, we have developed a new method for neither the 
synthesis of N-tosyl imines that requires neither harsh 
conditions nor the use of any hazardous acids or bases or 
any expensive catalyst. Reaction tolerates very well both 
electron-donating as well electron withdrawing substrates; 
also the reaction was successful on heterocyclic aldehyde.  
Recyclability of IL, mild reaction conditions, short 
reaction time, excellent to moderate yield, simple isolation 
procedure and tolerance towards both electron-donating as 
well electron withdrawing substrates make this procedure 
amenable for scale up. 
Ionic liquid promoted synthesis of N-tosyl imines           Section A-Research Paper 
Eur. Chem. Bull. 2013, 2(6), 320-323    DOI: 10.17628/ecb.2013.2.320-323 323 
Conclusion 
In conclusion we have demonstrated an efficient, green 
and environmentally non-hazardous protocol for the 
synthesis of N-tosyl imines using [bbim][Br] ionic liquid. 
The advantages associated with our strategy are excellent to 
moderate yield (80-95%), simple isolation procedure, ILs as 
solvent as well as promoter, short reaction period (75-180 
min), reaction tolerance towards  both electrons donating as 
well as electron withdrawing substrates, recyclability and 
reusability of ionic liquid without any loss of yield. Hence 
we believe our protocol as an efficient tool for the synthesis 
of N-tosyl imines. 
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Iodine is a key regulator of the body's basic metabolic activity and insufficiency of this micronutrient can lead to a non-cancerous 
enlargement of the thyroid gland (goiter) as well as physical and mental disorders in both adults and children. Addition of 40 to 60 ppm of 
potassium iodide to table salt as recommended by Universal salt iodization (USI) mandate in 2000 can solve all these health problems. 
Quantitative analysis of iodine was performed on salt samples from different local markets, supermarkets and local stores in Adamawa, 
Benue, Lagos, Rivers and Kano State. The result showed that the majority of the Nigerian manufactured table salts were compliant with the 
standards of the World Health Organization standards and USI mandate. However, one had a value of 26.31ppm due to long term storage 
and exposure to harsh weather conditions. Salts tested from the local eateries had average iodine levels of 71ppm which will be adjusted to 
permissible limits due when the concentration is reduced by approximately 10% when exposed to high temperatures during cooking. Both 
commercially available salts and those from local eateries are compliant with the USI mandate and are therefore provide dietary intake of 
preventing nutritional problems such as Iodine Deficiency Disorders. 
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INTRODUCTION 
Iodine deficiency disorder (IDD) is an important disease 
that affects 800 million people worldwide, especially those 
living in preindustrial countries. Essentially, in pregnant 
women, iodine deficiency can result in birth defects and 
spontaneous miscarriages. In children, it causes 
hypothyroidism, retards cognitive development, and is also 
responsible for diminished physical development and school 
performance. On the other hand, in adults, iodine deficiency 
results in goiter, impaired mental functioning, and lower 
energy and productivity. Yet, only a teaspoon of iodine is all 
that a person needs in a lifetime.8 For iodine deficiency 
elimination, most governments, including Nigeria have 
implemented the program of iodized salt with the addition of 
potassium iodate to manufactured salts. Iodine deficiency 
can be caused by consumption of iodine containing salt 
below the minimum requirement.4,11 According to the 
UNICEF, 97% of Nigerian salts are iodized. 50mg Iodine/kg 
salt should be used in the industrial manufacture of refined 
salt. Also, through the concerted regulatory and enforcement 
action of the NAFDAC, which is productively backed-up by 
UNICEF, Nigeria has won the Universal Salt Iodization 
(USI) certification award which was held in 2007 at Istanbul, 
Turkey.1,6,10, 
Notes on detection of iodine methods  
In Nigeria, effort towards eradicating iodine deficiency 
took off effectively in 1993 after the adoption of the 
Universal Salt Iodization Program (USI). Fifteen years on, 
impact evaluation identifies Nigeria as not only one of many 
nations succeeding in eliminating iodine deficiency disorder 
and but also in setting standards for other countries to follow. 
In fact, Nigeria ranks second behind Kenya in having the 
highest number of households with iodized salt across the 
African continent.3 For instance, in a 2003 WHO global 
survey, 42% of African school children were found to have 
insufficient intake of iodine 2, while only a 2.3%  of Nigeria 
household were found not to have access to sufficiently 
iodized salts.12  Clearly, Nigeria’s success in improving its 
IDD status is a direct result of the national commitment to 
USI programs. 
Prior to the adoption of USI in 1993, only 40% salts 
consumed in Nigeria were sufficiently iodized. The total 
prevalence of goiter (GTP) during this time stood at 20%,12 
and posed serious public health problems in this country.  
Despite lack of initial political commitment and available 
resources, USI program progressively took off in Nigeria, 
creating significant impact within a period of only five years.  
Today, on average 98% of households have to iodized salt 
and with a reduction of TGP to 7%.6  
Despite Nigeria’s overall USI success however, some 
previously IDD endemic regions of the country still pose 
challenges. For instance, the IDD status in states like Edo, 
Ekiti, Enugu, Cross River, Oyo and Benue is yet not as 
impressive as the national status.6,10 This is because cassava; 
a powerful goitrogen that inhibits utilization of dietary 
iodine is the most available and cheapest staple food in these 
parts of the country.  
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However, despite these setbacks, Nigeria impressive 
progress towards meeting global USI/IDD target is an 
exemplary story of multispectral cooperation and 
collaborations.1 Each organ of constituted national IDD/USI 
task force is not only assigned specific responsibility, but 
also works closely to achieve common goals.  Primarily for 
instance, the national planning commission serve as the 
main planning organ of the government while Standard 
Organization of Nigeria (SON) monitors and inspects 
consignments at ports and performs at least bi-annual 
inspections of salt Companies. More also, the Federal 
Ministry of Health and Community Development and 
Population Activities (FMOH, CDPA) is involved with the 
ISU and IDD policy formulation through monitoring and 
evaluation of impact. The National Agency for Food and 
Drug Administration and Control (NAFDAC) primarily 
carries out routine factory inspections, monitors 
commodities at the distributor, wholesale and retail levels, 
with enforcement at factory level.6,10  
In summary, international, national and local agencies 
both governmental and non-governmental as well as private 
enterprise in Nigeria have all made concerted efforts to 
ensure that table salt is maintained at the USI standards 
thereby effectively helping to reduce the prevalence of IDD 
in this most populous West African nation. 
MATERIALS AND METHODS 
Materials 
Concentrated sulphuric acid (Sigma Aldrich, UK), 
chemical Starch, distilled water, reagent grade sodium 
chloride (Fisher Scientific, Nigeria), potassium Iodide (KI), 
sodium thiosulphate (1.24%) is prepared by diluting 1.24g 
of sodium thiosulphate in 1000mL of distilled water.  
EXPERIMENTAL 
Iodometric method of titration was used in this experiment 
2004.5  
Observations 
Iodized salt solutions changed to yellow color when 5 
milliliters (mL) of potassium iodide was added. The solution 
further changed to bluish-purple as 2 mL of starch solution 
was added. Non-iodized salt did not have any color changes 
on addition of both KI and starch solution. 
RESULTS AD DISCUSSION 
World Health Organization has mandated that commercial 
salt should have an average of 50ppm of iodine 7. In order to 
ensure that commercially available salt and table salt used at 
local eateries have the required level of iodine, an assay has 
been developed in order to monitor iodination levels in 
Nigerian salts. The salt samples used for this experiment 
included salts from local eateries in Adamawa state (E) and 
commercial salts (C). 
Table 1. Salt codes for both commercial salts (C) and eatery salts 
(E)  
Commercial salts Name of salt & country of origin 
C1 Dangote A (Sac, Yola  Nigeria) 
C2 Table Salt, Nigeria 
C3 Mr. Chef A (Yola, Nigeria) 
C4 Uncle Palm, Rivers, Nigeria 
C5 Best Palm, Benue, Nigeria Nigeria 
C6 Dangote B, (Nylon, Yola)  Nigeria 
C7 Mr. Chef B, (Kano, Nigeria) 
Eatery salts Name of salt & country of origin 
E1 Continental Restaurant (Yola, Nigeria) 
E2 Government girls School (Yola, Nigeria) 
E3 Tasty Menu (Yola, Nigeria) 
E4 Frank Bite (Yola, Nigeria) 
E5 Feed Well (Yola, Nigeria) 
E6 Dummas (Yola, Nigeria) 
E7 Kucheli (Yola, Nigeria) 
E8 Special Food (Yola, Nigeria) 
The concentration of iodine in each of the salt samples 
was calculated from the titrated levels of sodium 
thiosulphate (Tables 2 and 3) using the formulae outlined in 
Table 1.  The observable difference in value of Dangote A 
and Dangote B was due to the packaging material. Dangote 
A was packed in a transparent nylon and whilst the latter 
was sold wholesale in the local market in Yola in a sack. 
The extra step in preparing the Dangote A sample at a 
factory for a more marketable product for the retailers will 
further prolong the time period before it reaches the 
consumer. This is clearly indicated by the 10% difference 
between this two Dangote samples. These results verify that 
wholesale marketing may not appear to be appealing to 
customers, but they will be of higher quality nutritionally in 
the long run.  
Table 2. Commercial salts assayed from vendors in Nigeria (in 
ppm) 
Code Name of Salt & Country of Origin Iodide,  ppm 
C1 Dangote A [Sac] = (Yola,  Nigeria) 75.05* 
C2 Table Salt = Nigeria 106.82* 
C3 Mr. Chef A= (Yola, Nigeria) 74.55* 
C4 Uncle Palm = (Rivers, Nigeria) 73.95* 
C5 Best Palm = (Benue, Nigeria Nigeria) 26.31** 
C6 Dangote B [Nylon] = (Yola, Nigeria) 68.42* 
C7 Mr. Chef B= (Kano, Nigeria) 56.05* 
*Compliant with WHO guidelines. **Do not compliant with WHO 
guidelines 
Table 3. Salts assayed from eateries in Yola, Adamawa State (in 
ppm) 
Code Commercial Name Iodide, ppm 
E1 Continental Restaurant Yola  75.08* 
E2 Government girls School 67.89* 
E3 Tasty Menu 68.42* 
E4 Frank Bite 68.32* 
E5 Feed Well 58.16* 
E6 Dummas 58.69* 
E7 Kucheli 105.75* 
E8 Special Food 68.42* 
*Compliant with WHO guidelines. **Do not compliant with WHO 
guidelines 
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Further differences were observed from salt analyzed from 
the same company have been observed with Mr. Chef A, 
bought in local grocery store and assayed straight away and 
Mr. Chef B which was purchased in Kano, stored for several 
months then transported to Yola  and then assayed 4 months 
later.  
The results for Best Palm were the lowest with only 26.31 
ppm of iodine. The package for this sample of salt was 
found to be torn when it was purchased and it was tested 
along with the other samples several months later after 
arrival in Yola. 
The assay results for Dangote A were shown to be 68.42 
ppm which falls within the USI mandate range. However, 
the concentration on the label on the package for this salt 
stated that it contained 50 ppm. The discrepancy of these 
results could be due to the use of less sensitive techniques to 
assess the iodine concentration. This confirms the need for 
close monitoring of manufacturing standards and regular 
inspection of goods not just at the factory sites but at the 
retail level.  
These results verify that temperature and moisture as well 
as long term storage will affect the viability of the iodine. 
However, the results clearly show that Nigerian companies 
and local eateries are compliant with the WHO guidelines 
for the amount of iodine in commercially available salt in 
Adamawa State.  
The average iodine levels for the local eateries were 71 
ppm which is slightly above USI range of 40 to 60 ppm (Fig. 
1 and 2, Table 2 and 3).  It should be recommended that 
their sources of table salt are monitored and assayed in order 
to ensure that the levels are keep within the limits outlined 
earlier. However, given the fact that approximately 15% of 
iodine levels are reduced in the process of cooking, this 
would shift the concentrations to the limits of iodine.13 
CONCLUSION  
It is extremely important for companies to follow the 
guidelines of international agencies such as the WHO. This 
will help reduce the levels of preventable diseases such as 
IDD which can be solved by eating table salt with the 
required amount of iodine. Today, iodine awareness has 
become a major concern, which is especially aimed towards 
eliminating iodine deficiency disorders (IDD). Hence, the 
strength of association between the cause- iodine deficiency 
and the effect - IDDs such as goiter, cretinism and other 
birth defects is relatively high. As the association of iodine 
deficiency is highly specific to IDDs, the association is also 
coherent and equally consistent at different conditions, 
place and times. A gradient of risk to IDDs is associated 
with a degree of exposure to low iodine intake. To assess 
the impact of iodization of salts to IDDs, We can compare 
case studies of those countries with iodine insufficient salts 
(e.g. UK and USA) to countries who iodize their salts 
efficiently (e.g. Kenya and Nigeria).6 
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THEORETICAL INTERPRETATION OF THE CHANGES 
OCCUR ON CELLULOSIC WASTES AS A RESULT OF 
DIFFERENT CHEMICAL TREATMENTS 
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In an attempt to find out what is happening during the chemical treatments of some agricultural residues (rice straw), as well as to link the 
theoretical aspects and the practical side, in an attempt to explain those changes that occur and thus control the quality and derivatives of 
the products of these treatment. Although theoretical studying cellulosic wastes, but this aspect of the studies and research has not obtained 
right after. The idea of this research on the essential elements, namely the first CAChe Program computer to design and expected IR 
behaviour for these materials, the second is what happened in the experimental treatments. 
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Introduction 
Fourier transform infrared spectroscopy (FTIR) is a 
powerful technique for studying molecular structures. FTIR 
and molecular modelling proves that functional group like 
COOH could enhance the ability of the dry plant for 
mediating heavy metals. 
The advantage of PM3 model as well as other semi-
empirical methods that it provide a good spectroscopic data 
with moderate accuracy in appropriate computational time 
using personal computer.1 Another advantage of semi-
empirical models that the ability for providing structural and 
spectroscopic data for many systems and molecules mainly 
for understanding the vibrational spectrum of these 
systems.2,3 
The interaction between cellulose and lignin is tried in the 
represent model through their O-linkage. The obtained 
model indicates that, the molecular point group is 
corresponding to C1 for cellulose, lignin as well as their 
mixtures.  This indicate that no change in the symmetry of 
both cellulose and lignin as a result of their interaction. 
Further details of the interaction will be followed from their 
calculated spectra as indicated in Figure 9. 
Experimental Part 
Modelling the Spectra of cellulose and lignin 
Calculations were carried out on a personal computer, 
performed using semi-empirical quantum mechanics 
package, MOPAC 2002 which was implemented within the 
CAChe Program by Fujitsu.4 Cellulose model molecule was 
chosen as B-D glucose 1-4 linkage. Lignin structure was 
guaiacylpropane. The geometry and vibrational spectra of 
both cellulose and lignin then mixture of them as (1:2), (1:1) 
and (2:1) were studied. The initial geometry optimizations 
of each structure were performed with the molecular 
mechanics force field to get approximate minimum energy 
structures. The lowest energy conformations obtained by the 
molecular mechanics method then were further optimized 
with the semi-empirical PM5 method.5 
Infrared spectrophotometric study of bleached cellulose from 
high yield soda rice straw pulps 
The perhydroxyle anion (HOO-) is generally accepted as 
being the principal active species in peroxide bleaching. 
This anion is a strong nucleophile which, during bleaching 
converts electron-rich chromophores typified by α-β-
unsaturated aldehydes and ketones, and phenolic ring-
conjugated ethylenic or carbonyl groups to their non-
chromophoric counterparts. The reactions of lignin with 
peroxide are not reversible and lead to the permanent 
removal of most of the chromophoric groups present in the 
lignin molecule.6 
 
 
 
 
 
 
 
Figure 1. Optimized structure of cellulose (glucose unit) which is 
optimized at PM3 semi-empirical quantum mechanical method. 
IR spectral analysis for xanthated cellulose samples  
By complete removing of lignin and hemicelluloses 
dissolvable pulp is formed that is used for manufacturing of 
cellulose derivatives, such as, cellulose xanthate.  
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In this work for derivatization of rice straw xanthation 
reaction was used in which the ONa groups of cellulose 
were converted to O=C(S)SNa groups respectively. By this 
conversion some hydrogen bonds between cellulose chains 
are broken. 
Results and Discussions 
Figure 6 indicating cellulose/lignin ratios and its effect 
upon calculated IR. Regarding the OH band around 3450 
cm-1 increasing the lignin content leads to a broadening in 
the OH while decreasing lignin content leads to small 
broadening in the OH followed by a shoulder of OH.  
The broad OH is coming as a result of CH2OH (1ry 
alcoholic OH) while the shoulder is coming from side chain 
OH's.  
Lignin exhibits CH of CH3 towards higher wave-number 
(around 3050 cm-1). While cellulose has two respective CH 
bands toward lower frequencies. Increasing lignin ratio 
leads to a broad CH band includes CH3, CH2 and CH bands. 
While splitting of CH bands is coming as a result of 
increasing the cellulose content. 
Table 1. Assignments of bands in the IR spectrum of rice straw 
pulp 
, cm-1 Assignment , cm-1 Assignment 
3600 υOH free 1475 δCH in pyran 
ring 
3560 υOH (w) H-
bond 
1460 δCH2 in pyran 
ring 
3450 υOH (m) H-
bond 
1450 δCH2 internal 
deform. 
3380 υOH (s) H-
bond 
1435 δOH3 and R-O-
Ar ether 
3250 υOH (s) H-
bond 
1385 δCH2 external 
deform. 
3100 υCH asym. 
aromatic 
1340 δCH2 external 
deform. 
3050 υCH asym. 
aromatic 
1285 δOH phenolic 
2980 υCH asym. 
aliphatic 
1270 δCH2 external 
deform. 
2960 υCH asym. 
aliphatic 
1255 δCH2 external 
deform. 
2900 υCH sym. 
aliphatic 
1235 δOH 
carboxylic 
2880 υCH sym. 
aliphatic 
1185 υC-OH 
phenolic 
1750 C=O acetyl 
linkage 
1165 δCH aromatic 
and C-O-C 
1730 C=O β-keto 
structure 
1140 υC-OH 
carboxylic 
1675 C=O β-keto 
structure 
1115 δCH aromatic 
1630 δOH (water )  1065 δCH aromatic 
1610 C=C aromatic 
ring 
1040 Lignin band 
1595 C=C aromatic 
ring 
1165 C-O cellulose 
1530 C=C aromatic 
ring 
  
 
 
Figure 2. Optimized structure of lignin which is optimized at 
PM3 semi-empirical quantum mechanical method. 
 
 
 
Figure 3. Optimized structure of cellulose and lignin (1:1) 
which is optimized at PM3 semi-empirical quantum 
mechanical method. 
 
 
 
Figure 4. Optimized structure of cellulose and lignin (1:2) 
which is optimized at PM3 semi-empirical quantum 
mechanical method. 
 
 
 
 
Figure 5. Optimized structure of cellulose and lignin (2:1) 
which is optimized at PM3 semi-empirical quantum 
mechanical method. 
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Figure 6. PM3 semi-empirical quantum mechanical calculated 
vibrational spectra for cellulose, lignin and cellulose/ lignin 
mixtures. 
The rest of the spectra below 2000 cm-1 show no variation 
in the characteristic bands of cellulose as a result of 
cellulose lignin mixing. From this point we can conclude 
that the foundation of lignin with cellulose samples could be 
study from IR spectra as there will be a significant effect 
upon OH and CH bands. 
In order to use the previous study which is a case study for 
definite conditions of treatment of rice straw (cellulose – 
lignin), the practically measured IR for all samples under 
study conditions were subjected and studied. 
The infrared absorption spectra of all treated samples were 
recorded within the range 4000-500 cm-1 using KBr 
technique. The extremely broad absorption band within the 
region 3400 to 2400 cm-1 is characteristic to the OH groups. 
The broadness of this band increases as the extent of 
hydrogen bonding increases. The absorption of the 
stretching vibrations of the C-H group is obscured being 
found within this range. This band can be used to measure 
the total OH content. 
Our study was following the changes occurs on cellulose 
lignin system (agricultural waste) and cellulose itself 
through three steps. 
Step one  
Based on the above knowledge, we try to model the 
interaction of Na with cellulose / lignin (2:1) (case study as 
representations for samples contain high cellulose content). 
First one Na atom is coordinated instead of hydrogen atom 
of (C=C) in the main chain of cellulose. Two Na atoms to 
coordinate instead of (C=C) hydrogen bond in the lignin 
structure. Other one is coordinated instead H of OH (1ry 
alcoholic) in cellulose. 
A third Na atom could coordinate through weak hydrogen 
bonding into the –O- linkage between cellulose and lignin. 
Regarding the calculated IR of cellulose / lignin mixture 
when treated with NaOH, no significant change in the 
characteristic bands cel:lig mixture as a result of NaOH 
treatment. 
In order to model the true structure of cellulose, a model 
of 8 glucose units is presented as in Figure 6., some 
changeable sites with Na atoms was done in model figure 7. 
a) Infrared spectrophotometric study of cellulose from 
high yield soda rice straw pulps 
The plant pulp obtained from different plant sources using 
different cooking conditions is essentially composed of 
cellulose. The IR spectra of cellulose materials were the 
subject of many studies.7  
In this point of our study we would discuss the assignment 
of the bands in the IR spectra of rice straw and the changes 
in the infrared spectra which take place during the pulping 
process. 
On comparing the spectrum of the raw material with those 
of high yield soda rice straw pulp (Figs. 3 and 4) the 
following can be pointed out: 
a- The broad δOH band at 1600 cm-1 tends to be less 
broad in the spectra of the pulps, meanwhile the band 
envelopes become more symmetrical. The bands due to the 
stretching vibrations of the CH-groups tend to be sharper in 
the spectra of the pulps with the loss of absorption on the 
higher frequency side where the bands due to aromatic CH-
groups appear. The group of bands within the 1400-1200 
cm-1 becomes sharper with rise of either NaOH 
concentration or cooking temperature. The intensity of most 
bands decreases in the same direction while the peaks at 
1630-1370 cm-1 tend to be sharp and display a slight 
increase in peak intensity. The bands within the 1200-900 
cm-1 region tend to be less broad in the spectra of the pulps, 
yet the most obvious change in this region is the appearance 
of some sharp peaks near 1100 cm-1. These changes recall 
more or less those observed with mercerization of cellulose 
and can be similarly accounted.8 The absorption bands 
within the 800-625 cm-1 region show some intensity changes 
on cooking rice straw with NaOH. These spectral changes 
can be due to dissolution of lignin and as well as the 
removal of some low molecular forms of carbohydrates 
from rice straw during the pulping process. This is 
accompanied by the large decrease in the intensity of the 
absorption bands due to such components in the various 
regions; hence the other absorption bands appear sharper. 
The sharpness of these bands is more obvious with samples 
cooked for longer times or when the NaOH concentration 
was increased. Also the rise of cooking temperature brings 
almost similar effects. 
b- The strong band at 1735 cm-1, assigned to the stretching 
vibration of the C=O group of the acetyl residue from 
polyurinoid of the hemicelluloses, displays an obvious 
decrease in intensity when rice straw is cooked in 6% NaOH 
for one hour at 100 oC on increasing the time of cooking to 
two hours, the band is turned to a very shallow broad one 
but it vanishes completely when the rice straw is cooked 
with 8% NaOH for 2 hrs. when boiling. The band appears as 
a rudimentary peak in the spectrum of samples cooked for 
one hour at boiling temperature with 8 % NaOH. Also this 
absorption peak is not observed in the spectra of samples 
cooked with 10% NaOH. The decrease of C=O band 
intensity and its vanishing in the spectra of the pulps is due 
to the hydrolytic rupture of the acetyl linkage between lignin  
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and hemicellulose during the pulping of rice straw with 
NaOH. Thus the removal of the acetyl group from rice straw 
increases with time of cooking or with rise of NaOH 
concentration and also by increasing the temperature of the 
cooking bath as well. 
c- The bands at 1595-1600 cm-1, which correspond to the 
skeletal vibrations of the aromatic rings of the lignin part, 
show a gradual decrease on increasing the cooking time or 
with rise of temperature and or alkali concentration. The 
drop in the intensity of this band denotes that the lignin 
content of the pulps decreased during cooking with various 
degrees depending on the prevailing experimental 
conditions. 
Step two 
We tried to model also cellulose after different conditions 
of treatment as the following. To model the bleached 
cellulose with H2O2 (oxidation of some sides mainly 
alcoholic OH), the model was modified replacing CH2OH 
with COOH in units 1, 5 and 8 respectively. The structure of 
cel8-COOH is indicated in Figure 8. 
As the bleaching process was done in alkaline medium 
with NaOH solution another modification was done 
introducing another model in which Na is substituting H 
atom of COOH group. So that Figure 9 presents the sodium 
salt of the oxidized cellulose as cel8-COONa. 
 
Figure 7. Optimized structure of cellulose (8 glucose units) which is optimized at PM3 semi-empirical quantum mechanical method. 
COOH is replaced with OH of CH2OH. 
 
Figure 8. Optimized structure of Cel8-4Na units which is optimized at PM3 semi-empirical quantum mechanical method. Two 
sodium are proposed to interact through hydrogen bonding into the end terminal OH of cellulose. A third Na atom is interacting with 
O-linkage through hydrogen bond. 
 
 
 
 
 
 
 
Figure 9. PM3 semi-empirical quantum mechanical 
calculated vibrational spectra for cellulose/ lignin (2:1) as 
compared with cellulose/ lignin (2:1) in the presence of Na. 
 
 
 
Figure 10. IR absorption spectra of soda treated rice straw 
samples 
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Figure 13 represents the calculated IR spectra of cellulose 
8 units (cel8) as compared with pri-pulped and bleached 
cellulose. As far as COOH is replaces CH2OH a slight shift 
in OH band towards lower  frequencies are regarded. A 
significant appears of C=O band around 1800 cm-1 is 
attributed to COOH. Regarding cel8-COONa the shift on 
OH band remains toward lower frequencies with a splitting 
in CH band.  
 
This splitting leads to the appearance of a new CH band 
around 2980 cm-1 while the principle CH band remain 
unchanged around 2820 cm-1. As Na is coordinated with 
COOH to form cel8-COONa. The shift of OH band toward 
lower frequency is significant. While C=O is changed into 
metal carboxylate around 1750 cm-1. This band is 
asymmetric metal carboxylate. Another one which is the 
symmetric metal carboxylate is found around 1610 cm-1. 
Finally as 4 Na atoms introduced into cel8 units a splitting 
in the side chain OH took place with a rise to a band of C=O 
around 1740 cm-1.  
The infrared spectrum is characteristic for the entire 
molecule. It is known that certain groups of atoms give rise 
to bands at or near the same frequency regardless of the 
structure of the rest of the molecule. It is the persistence of 
these characteristic bands that permit us to obtain useful 
structural information by simple analysis of the spectrum 
and reference to generalized charts of the characteristic 
group's frequency. 
Figure 14  Oxidation of residual lignin during bleaching sequences. 
As was mentioned before in the experimental part, there 
are many sequences for producing white pulp for several 
uses. The aim for which pulp is needed determines the 
stages and the kind of treatment which would be preferred. 
At this point of our study the pulp obtained from rice straw 
was treated with sodium bisulphate (4 % and 8 % ) solution 
concentrations and samples from these stages were then 
 
Figure 11. Optimized structure of Cel8-3COOH units which is optimized at PM3 semi-empirical quantum mechanical method. 
 
Figure 12. Optimized structure of Cel8-3COONa units which is optimized at PM3 semi-empirical quantum mechanical method. 
Three sodium atoms were substituted with H-atom of the COOH. 
 
Figure 13. PM3 semi-empirical quantum mechanical 
calculated vibrational spectra for cellulose 8 units (Cel8) as 
compared with Cel-3COOH, Cel8-3COO-Na and Cel-4Na. 
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treated with hydrogen peroxide (2 %, 4 % and 8 %) solution 
concentrations, samples obtained from the treatment 
mentioned above were subjected to IR measurements and 
the results are collected in Fig. 14. 
From investigation of IR spectrum of the bleached 
samples, it is clear that the mean value of absorbance is 
higher than that for un-bleached pulp. The characteristic 
absorbance in the wave number region of free OH and 
bonded OH stretching group namely 3300-3500 cm-1 reveals 
that the OH groups are not free, since the bands are very 
broad. Comparing between the mean value of the 
absorbance of second and primary OH groups of soda only, 
or both of soda and bisulphate, or soda and bisulphate and 
H2O2 the lignin peaks have lower values due to the oxidation 
effect of H2O2 on the pulp during the bleaching process 
causing an increase in degradation of lignin.9 
The 1800-1500 cm-1 region includes several broad bands 
which are not well resolved, the bands at 1750 - 1670 cm-1 
correspond to the stretching vibrations of the C=O groups of 
various types namely those of the acetyl linkage (1750 cm-1), 
and those at (1730 and 1670 cm-1) are due to β–keto 
structure. The shoulder near 1630 cm-1 is due to in-plane 
deformation of the water molecules, while the bands at 1610, 
1590 and 1520 cm-1 are due to skeleted vibrations of the 
aromatic ring of lignin.  
The band at 1470 cm-1 is assigned to C-H bending of the 
pyran ring, while that at 1430 cm-1 is considered to be the 
inplane bending of the CH3O- groups. The inplane bending 
of the CH3-groups leads to the broad band at 1350 cm-1. The 
two peaks at 1280 and 1240 cm-1 are assigned to the 
deformation vibrations of the –COOH and phenolic OH-
groups respectively. The other types of vibrations involving 
the OH groups lead to the absorptions bands at 1180 and 
1130 cm-1. However, it was stated that the first band also 
includes the stretching mode of the aliphatic-aryl-ether 
linkage. The broad bands within the 1300-1000 cm-1 region 
would also involve some types of bending vibrations of the 
aromatic C-H and those of the aliphatic groups.10 
The characteristic absorption bands of phenyl ring of the 
benzyl group appear at 1700-2000 cm-1 region. The C=O to 
the C=S occurs due to xanthation in addition to that the C=O 
band itself which is more sharp and boarder for sample (b), 
this may be due to bleaching with H2O2 as had been stated 
above broke some hydrogen bonds and freed more positions 
to be xanthated. 
The IR spectral bands of cellulosic material are relatively 
diffuse because of the high molecular weight. So, to follow 
the change of the molecular structure of the cellulose, the 
use relative absorbance (ratio of any band intensity / band 
intensity at 1325 cm-1) is more correct than the use of 
changes that takes place for characteristic band. Also, 
infrared spectra can give us an idea on the crystallinity of 
cellulose by calculating the ratio of band intensity at 1425 
cm-1 which is characteristic of CH vibration of crystallinity 
region to band intensity characteristic of CH vibration of 
amorphous region at 900 cm-1. Thus, crystallinity index is an 
IR parameter that gives information about the ratio of 
crystalline region to amorphous region. The parameter was 
measured according to the absorbance ratio A1430 / A900.11 
Besides the measuring of the crystallinity index, the 
mercerization depth which occurs by swelling of cellulose 
by sodium hydroxide can also be determined. The 
mercerization depth gives us a good idea about swelling of 
cellulose and its decrystallizition. It can be measured by 
using the ratio of band intensity at 1371 cm-1 to band 
intensity at 1325 cm-1. Cellulose was mercerized in aqueous 
solution. Results of cellulose mercerizing were determined 
by A1429/A893 and mercerization depth from A1375/A1325.12  
Due to the treatment of cellulose pulp with sodium 
hydroxide and heating, some degradation and oxidation of 
OH group can occur. The relative absorbance of OH group 
at 3425 cm-1 decreased due to the oxidation to COOH. So, a 
new band appeared at 1715 cm-1 which characteristic of 
C=O of carbonyl group. On the other hand, the relative 
absorbance of C-O-C band at 1114 cm-1 which is 
characteristic of the (1-4) β-O-glucosidic linkage decreased 
due to the degradation of cellulose chains which occurred by 
sodium hydroxide solution and heating. 
On mercerization many processes take place, e.g. swelling 
with some exothermic effect and dissolution of 
hemicellulose as non-forming components. Because 
degradation of cellulose occurs to a slight extent, an addition 
compound of cellulose and sodium hydroxide is formed and 
intermolecular hydrogen bonds become loose. This 
phenomenon brings about structural changes in cellulose 
which depends on sodium hydroxide concentration. The 
 
Figure 15. IR absorption spectra of bleached pulp samples 
 
 
Figure 16. IR absorption spectra of xanthated cellulose 
samples 
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extent of mercerization is affected by some inorganic and 
organic compounds such as zincate, aluminate or urea. 
Table 2. General scheme of the samples under study 
Sample 
No.  
SHC 
% 
Time, 
h  
Characterization 
1 4 1 Rice straw sample treated with 
NaOH solution (4 %) for 1 h. 
2 6 1 Rice straw sample treated with 
NaOH solution (6 %) for 1 hr. 
3 8 1 Rice straw sample treated with 
NaOH solution (8 %) for 1 hr. 
4 10 1 Rice straw sample treated with 
NaOH solution (10 %) for 1 hr. 
5 4 2 Rice straw sample treated with 
NaOH solution (4 %) for 2hrs. 
6 6 2 Rice straw sample treated with 
NaOH solution (6 %) for 2 hrs. 
7 8 2 Rice straw sample treated with 
NaOH solution (8 %) for 2 hrs. 
8 10 2 Rice straw sample treated with 
NaOH solution (10 %) for 2 hrs. 
9   pulp sample treated with sodium 
bisulphate solution (4 %). 
10   pulp sample treated with sodium 
bisulphate solution (8 %). 
11   pulp from rice straw sample 
treated with sodium bisulphate 
solution 
(4 %), and hydrogen peroxide   
(4 %) solution. 
12   RSA remained after burning rice 
straw at 600 OC for 2 hrs. 
13   Rice straw ash remained after 
burning rice straw at 800 OC for 
2 hrs. 
14   The content of black liquor 
(lignin and sodium silicate) 
obtained by complete drying. 
15   Black liquor content treated with 
acetic acid. 
16   Black liquor content treated with 
hydrochloric acid. 
17   Black liquor content treated with 
benzene. 
18   Black liquor content treated with 
carbon tetrachloride. 
19   Rice straw ash sample remained 
after complete burning. 
20   Black liquor treated with calcium 
hydroxide solution. 
21   Black liquor treated with calcium 
carbonate suspension. 
22   Pulp treated with CS2 solution. 
23   Bleached pulp with sodium 
bisulphate treated with carbon 
disulfide solution. 
24   Bleached pulp with hydrogen 
peroxide treated with carbon 
disulfide solution. 
The treatment of cellulose with sodium hydroxide causes 
an effect on the molecular structure of cellulose. This 
change of molecular structure can be followed by infrared 
spectroscopy. The main parameters affected by treatment of 
cellulose with sodium hydroxide are crystallinity index, 
swelling of cellulose chain (related to the measurement of 
mercerization depth), intensities of OH groups, C=O band 
(which was related to COOH at 1715 cm-1) and CHO at 
1654 cm-1, and the intensity of ether linkage which bonds 
the glucose molecule (1-4) β-O-glucosidic links.13,14 
Conclusion 
Spectral trace of the changes that have occurred in the 
rice straw as a result of the chemical treatments, as well as 
the use of computer programs has shown that treatments 
caused a break in the link between the lignin and cellulose 
units at the same time freed terminals in cellulose units, 
making it the most active chemically. Theory and simulation 
process, which relied on the prediction what, happened 
during the treatment as well as the cellulose lignin ratio. 
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Introduction 
Cyanoethanoic acid hydrazide is a versatile and 
convenient intermediate for the synthesis of wide variety of 
heterocyclic compounds. The β-functional nitrile1-4 moiety 
of the molecule is a favorable unit for addition followed by 
cyclization or via cycloaddition with numerous reagents 
providing heterocyclic compounds of different ring sizes 
with one or several heteroatoms that are interesting as 
pharmaceuticals,5,6 herbicides,7 antibacterial agents,8 and 
dyes.9,10 We report here the synthesis of coumarin, 2-
pyridone, thiazole and dithiane derivatives using the title 
compound (1).  
Results and Discussions 
Cyanoethanoic acid hydrazide reacts with 9-fluorenone in 
dioxane to give the N-condensation product 2-cyano-N'-
(9H-fluoren-9-ylidene) acetohydrazide (1) rather than the C-
condensation product. The structure of compound (1) was 
established on the basis of analytical and spectral data. The 
IR spectrum revealed the absence of the coupling bands of 
NH2 group. Also, the 1H NMR spectrum showed the 
presence of singlet signal for the active methylene protons at 
δ 3.53 ppm and this ruled out the C-condensation.  
 
 
 
 
 
Scheme 1 
2-Cyano-N'-(9H-fluoren-9-ylidene)aceto hydrazide (1) 
was expected to be highly reactive compound. The carbonyl 
and cyano functions are suitably situated to enable reactions 
with common reagents to form a variety of heterocyclic 
compounds. Also, the active methylene of (1) can take part 
in condensation and substitution reactions. 
The proclivity of compound (1) towards electrophilic 
reagents was investigated. Thus, treatment of (1) with 
salicyaldehyde in refluxing dioxane in the presence of 
catalytic amount of piperidine afforded the corresponding 
iminocoumarin derivative (2) in analogy with the reported 
literature.11,12 On the other hand, the reaction of (1) with 1,3-
diphenyl-1H-pyrazole-4-carbaldehyde under the same 
conditions yielded the condensation product 2-cyano-3-(1,3-
diphenyl-1H-pyrazol-4-yl)-N'-(9H-fluoren-9-ylidene)acrylo-
hydrazide (3). The structures (2) and (3) were confirmed by 
analytical and spectral data (c.f. Exp.). (Scheme 2) 
In the context, N-substituted amino-2-pyridones have 
proved to be useful synthetic intermediates. However, there 
are few synthetic procedures for the preparation of N-
amino-2-pyridones. These compounds are usually 
obtained13,14 in low yield by reaction of hydrazine with 2-
pyrones, which are in turn, prepared in low yields from open 
chain compounds.15 Furthermore, N-amino-2-pyridones 
could be prepared from the reaction of arylidene 
malononitriles with cyanoethanoic acid hydrazide.16,17 
Herein, we report a new one-step synthesis of N-
substituted aminopyridin-2-ones from the reaction of 
compound (1) with arylidene malononitrile. Thus, treatment 
of (1) with α-cyano-3,4-dimethoxy cinnamonitrile (4) in 
boiling dioxane in the presence of catalytic amount of 
piperidine afforded the 2-pyridone derivative (5). (Scheme 
2) 
The structure (5) was deduced from the micro analytical 
and spectroscopic data. Furthermore, structure (5) was 
chemically supported by identity with an authentic sample 
prepared from reaction of (4) with α-cyano acetohydrazide 
to give the N-amino pyridine derivative (6) followed by 
condensation with fluorenone16 (Scheme 2). 
 
(1)
O + H2N
H
N
O
CN
Dioxane / 
N
HN
O
CN
CN
O
NHNH2
N-Condensation C-Condensation
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Scheme 2 
 
Spirocyclic system containing one sp3 carbon atom 
common to two rings are structurally interesting.18 The 
asymmetric structure of the molecule due to the chiral spiro 
carbon atom is one of the important criteria of the biological 
activities.19,20 The presence of sterically constrained spiro 
structure in various natural products also adds to the interest 
in the investigations of spiro compounds.21 Fortunately, 
treatment of compound (1) with malononitrle and/or 
ethylacetoacetate in boiling dioxane in the presence of 
catalytic amount of piperidine afforded the spiro compounds 
(7) and (8), respectively (Scheme 3). 
 
 
 
 
 
 
 
 
 
Scheme 3. 
IR spectrum of (7) displayed the stretching absorption 
bands at 3482, 3364, 3346, 3278 cm-1 (νNH2), 2182 cm-1 
(νC≡N) and 1712 cm-1 (νCO). 1H-NMR spectrum of (7) 
(DMSO-d6) revealed the signals at 7.9-7.3 (m, 8Harom.), 7.06 
(s, 1H, olefinic proton), 5.63 (br.s, 2H, NH2, exchangeable 
with D2O) and 5.5 (br.s, 2H, NH2, exchangeable with D2O). 
Furthermore, the mass spectrum of (7) show the correct  
 
 
 
 
 
 
 
 
 
 
 
 
 
molecular ion at m/z = 327 (64.1%) which completely in 
accord with the assigned structure. Similarly, the reaction of 
(1) with ethylacetoacetate under the same reaction 
conditions yielded the spiro compound (8) (Scheme 3). 1H-
NMR spectrum of (8) (CDCl3) revealed the presence of 
multiplet integrated for 8H (aromatic protons) at δ 8.48-7.18 
ppm, a singlet for 2H at δ 3.81 ppm (CO-CH2-CN), a quartet 
for 2H and triplet for 3H representing the O-ethyl group at δ 
3.57 and 1.51 ppm, respectively. The methyl group observed 
at δ 1.72 ppm which in accord with the proposed structure. 
Moreover, the EI-MS of compound (8) devoid the molecular 
ion peak and the highest recorded peak at m/z = 313 (50%) 
represent the radical cation [M-CH2=C=O, H2O]. [c.f. Exp.] 
The conversion of compound 1 to compounds 7 and 8 
could be visualized as shown in scheme 4. The base-
catalyzed reaction of active methylene compound (1) with 
phenyl isothio-cyanate in dry DMF at room temperature 
yields the non-isolable potassium salt (9). Treatment of (9) 
with ethyl chloroacetate afforded 2-cyano-3-
(ethoxycarbonylmethylthio)-N'-(9H-fluoren-9-ylidene)-3-
(phenylamino)acrylohydrazide (10). The IR spectrum of 
compound (10) revealed the presence of strong absorption 
band at 1732 cm-1 due to (CO) group of ester. Another piece 
of evidence for this ester derivative was from the 1H NMR 
spectrum which revealed signals at δ 12.61 (s, 1H, NH, 
exchangeable with D2O), 10.25 (s, 1H, NH, exchangeable 
with D2O), 8.01-7.26 (m, 13Harom.), 4.2 (q, 2H, CH2, J = 7.2, 
7.2 Hz), 3.44 (s, 2H, CH2), 1.28 (t, 3H, CH3, J = 7.2, 6.9 Hz). 
Also, reaction of the potassium salt (9) with diethyl sulfate 
yield 2-cyano-3-(ethylthio)-N'-(9H-fluoren-9-ylidene)-3-
(phenyl-amino) acrylohydrazide (11). The structure of 
compound (11) was established on the basis of elemental 
analysis and spectral data. (Scheme 5) 
Hydrazinolysis of compound (11) using hydrazine hydrate 
(80%) in boiling dioxane yielded the sulfur free compound 
with molecular formula C13H10N2 [M+. = 194 (100%)] which 
devoid the stretching absorption bands characteristic for the 
carbonyl and the nitrile group in the IR spectrum.  
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Scheme 6. 
 
This product was identified as the hydrazone of 
fluorenone (12) whose structure was chemically supported 
by identity with an authentic sample prepared from the 
condensation of fluorenone with hydrazine in refluxing 
ethanol (Scheme 5). No evidence supports the structure (13). 
Furthermore, the reaction of (1) with carbon disulfide in 
DMF and potassium hydroxide afforded intermediate (14) 
which upon treatment with 1,2-dibromoethane and/or 1,3-
dibromo-propane yielded the cyclized products 1,3-
dithiolane derivative (15) and 1,3-dithiane derivative (16), 
respectively. (Scheme 6) 
The structures (15) and (16) were substantiated from the 
correct analytical and spectroscopic data (IR, 1H-NMR and 
MS spectra) (c.f. Exp.). The mass spectrum of compound 
(15) show the molecular ion peak at m/z = 363 (27.9%) 
which in a good accord with the assigned structure. 
Cyclocondensation of hydrazide-hydrazone (1) with 
thioglycolic acid in boiling glacial acetic acid furnished the 
thiazolinone derivatives (17). Formation of (17) is assumed 
to proceed via the initial nucleophilic addition of the 
mercapto function to the nitrile group, followed by 
dehydration. (Scheme 6)  
Full analysis of the spectroscopic data (IR, 1H NMR, and 
mass spectra) was completely in accord with the proposed 
structures (c.f. Exp.). 
Experimental 
All melting points were taken on a Griffin and George 
melting-point apparatus and are uncorrected. Infrared (IR) 
spectra were recorded on a Pye Unicam SP 1200 
spectrophotometer using the KBr wafer technique. 1H NMR 
spectra were determined on a Varian Gemini 300-MHz 
instrument using tetramethylsilane (TMS) as internal 
standard (chemical shifts in δ). Electron impact–mass 
spectrometry (EI-MS) was measured on a Schimadzu GC-
MS, QP 1000 EX instrument operating at 70 eV.  
 
 
 
 
 
 
 
 
 
 
 
 
Elemental analyses were carried out at the Microanalytical 
Unit, Faculty of Science, Ain Shams University using a 
Perkin-Elmer 2400 CHN elemental analyzer, and 
satisfactory analytical data (±0.4) were obtained for all 
compounds. The homogeneity of the synthesized 
compounds was controlled by thin-layer chromatography 
(TLC) using TLC aluminum sheets with silica gel F254 
(Merck). 
2-Cyano-N'-(9H-fluoren-9-ylidene) acetohydrazide (1). 
To a solution of 2-cyanoacetohydrazide (1.0 g, 0.01 mol) in 
1,4-dioxane (30 mL) 9-fluorenone (1.8 g, 0.01 mol) was 
added. The reaction mixture was heated under reflux for 3 h. 
The solid product which precipitated whilst hot was 
collected by filtration, washed with ethanol, dried, and then 
recrystallized from dioxane to give (1) as pale yellow 
crystals, 2.21 (85%), mp 242-244oC, IR: NH 3255, CHarom. 
3052, CH2 2959, 2923, C≡N 2259, C=O 1699 cm-1. 1H 
NMR (DMSO-d6): δ 9.82 (s, 1H, NH, exchangeable with 
D2O), 8.26–7.33 (m, 8Harom.), 3.53 (s, 2H, CH2). MS: m/z 
261 (78.1), 221 (43.8), 193 (73.4), 165 (100), 139 (26.6), 87 
(21.9), 68 (85.9). Anal. calcd. for C16H11N3O (261.09): C, 
73.55; H, 4.24; N, 16.08. Found: C, 73.39; H, 4.11; N, 15.95. 
N'-(9H-Fluoren-9-ylidene)-2-imino-2H-chromene-3-
carbohydrazide (2). A mixture of (1) (2.61 g, 0.01 mol) 
and salicylaldehyde (1.22 mL, 0.01 mol) in 1,4-dioxane (20 
mL) containing piperidine (0.50 mL) was heated under 
reflux for 2 h. The reaction mixture was left to cool. The 
solid deposited after cooling was collected by filtration, 
washed with ethanol, dried, and then recrystallized from 
ethanol/dioxane to give (2) as red crystals; 2.4 g (66%), mp 
>300 oC, IR: NH 3217, C=O 1668  cm-1. MS: m/z 364 (M-1, 
61.5), 261 (56.4), 165 (100), 115 (30.8). Anal. calcd. for 
C23H15N3O2 (365): C, 75.61; H, 4.10; N, 11.5. Found: C, 
75.77; H, 3.93; N, 11.46. 
2-Cyano-3-(1,3-diphenyl-1H-pyrazol-4-yl)-N'-(9H-
fluoren-9-ylidene) acrylohydrazide (3). Equimolecular 
mixture of (1) (2.61 g, 0.01 mol) and 1,3-diphenyl-1H-
pyrazole-4-carbaldehyde (2.48 g, 0.01 mol) in dioxane (30 
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mL) containing piperidine (0.5 mL) was heated under reflux 
for 3 h. The reaction mixture was left to cool then poured 
onto ice/water containing few drops of hydrochloric acid 
and the solid product was collected by filtration, dried, and 
then recrystallized from benzene to give (3) as yellow 
crystals, 2.84 g (58%), mp 122-124 oC, IR: NH 3422, CHarom 
3062, CH-olefinic 2925, C≡N 2205 , C=O 1693 cm-1. 1H 
NMR (DMSO-d6) δ 7.86 (s, 1H, NH, exchangeable with 
D2O), 7.80-7.27 (m, 18Harom. + C’3-H), 4.07 (s, 1H, olefinic). 
MS (m/z, %): 491 (16.2), 424 (28.6), 260 (100), 203 (76.2), 
166 (95.2), 93 (52.4), 60 (57.1). Anal. calcd. for C32H21N5O 
(491.17): C, 78.19; H, 4.31; N, 14.25. Found: C, 78.03; H, 
4.22; N, 14.10. 
1-(9H-Fluoren-9-ylideneamino)-6-amino-4-(3,4-dime-
thoxyphenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonit-
rile (5). To a solution of compound (1) (2.61 g, 0.01 mol) in 
1,4-dioxane (30 mL) containing piperidine (0.5 mL), 3,4-
dimethoxybenzylidene malononitrile (2.14 g, 0.01 mol) was 
added. The reaction mixture was heated under reflux for 6 h 
then poured onto ice/water containing few drops of 
hydrochloric acid and the formed solid product was 
collected by filtration, dried, and then recrystallized from 
ethanol to give (5) as beige crystals, 2 g (43%), mp 230-232 
oC, IR: NH2 3305, 3198 , C≡N 2213, C=O 1695 cm-1. 1H 
NMR (DMSO-d6) δ 8.4-7.04 (m, 11Harom.), 5.65 (s, 2H, NH2, 
exchangeable with D2O), 3.79 (s, 6H, Ar-OMe). MS: m/z: 
456 ([M-H2O], 8.9), 311 (100), 252 (19.6), 180 (32.1), 108 
(30.4). Anal. calcd. for C28H19N5O3 (473.15): C, 71.03; H, 
4.04; N, 14.79. Found: C, 70.87; H, 3.92; N, 14.56. 
Preparation of authentic sample: A mixture of 2-
cyanoethanoic acid hydrazide (1 g, 0.01 mol) and 3,4-
dimethoxybenzylidene malononitrile (2.14 g, 0.01 mol) is 
suspended in dry ethanol (30 ml) under magnetic stirring. 
When a few drops of piperidine are added, the reactants 
dissolve completely. After a few minutes of standing at 
room temperature, a precipitate is formed. The deposited 
solid is isolated by suction filtration, washed well with 
methanol, and dried in air. Compound (6) thus obtained was 
of good purity, recrystallization from ethanol left (6) as 
yellowish-white crystals, mp 252-4 oC. [1H NMR of (6) 
(DMSO-d6) δ 8.11 (br.s, 2H, NH2, exchangeable with D2O), 
6.91 (m, 3Harom.), 5.33 (br.s, 2H, NH2, exchangeable with 
D2O), 3.8 (br.s, 6H, Ar-OMe)]. A mixture of compound (6) 
(0.01 mol) and 9-fluorenone (0.01 mol) in dioxane (30 ml) 
was magnetically stirred under reflux for 6 hrs. the solid 
separated was collected by filtration, dried and recrystallized 
from ethanol to give compound (5) (identity mp, mixed mp, 
ir and TLC comparison). 
3',7'-Diamino-5'-oxo-5'H-spiro[fluorene-9,1'-pyrazolo-
[1,2-a]pyrazole]-2'-carbonitrile (7). Compound (1) (2.61 g, 
0.01 mol) and malononitrile (0.66 g, 0.01 mol) in 1,4-
dioxane (30 mL) containing piperidine (0.5 mL) was heated 
under reflux for 6 h. The reaction mixture was cooled then 
acidified with cold dilute hydrochloric acid and the 
deposited solid product was collected by filtration, dried, 
and then recrystallized from ethanol to give (7) as beige 
crystals, 2.28 g (70%), mp 258-260 oC, IR: 2NH2 3482, 3364, 
3346, 3278, C≡N 2182, C=O 1712 cm-1. 1H NMR (DMSO-
d6) δ 7.9-7.3 (m, 8Harom.), 7.06 (s, 1H, C4-H), 5.63 (br.s, 2H, 
NH2, exchangeable with D2O), 5.57 (br.s, 2H, NH2, 
exchangeable with D2O). MS: m/z: 327 (64.1), 259 (100), 
176 (22.5), 108 (23.2), 67 (19.0). Anal. calcd. for 
C19H13N5O (327.11): C, 69.70; H, 3.97; N, 21.39. Found: C, 
69.60; H, 3.87; N, 21.06. 
3-(4'-acetyl-5'-ethoxyspiro[fluorene-9,3'-pyrazole]-
1'(2'H)-yl)-3-oxopropanenitrile (8). Equimolecular 
amounts of compound (1) (2.61 g, 0.01 mol) and ethyl 
acetoacetate (1.3 mL, 0.01 mol) in 1,4-dioxane (30 mL) 
containing piperidine (0.5 mL) was heated under reflux for 8 
h. The reaction mixture was cooled then acidified with cold 
dilute hydrochloric acid and the deposited solid product was 
collected by filtration, dried, and then recrystallized from 
benzene to give (8) as yellow crystals, 1.49 g (40%), mp 
178–180 oC, IR:NH 3260, C≡N 2201, C=O 1682, 1671 cm-1. 
1H NMR (CDCl3) δ 8.48-7.18 (m, 8Harom.), 7.1 (br.s, 1H, NH, 
exchangeable with D2O), 3.81 (s, 2H, COCH2CN), 3.57 (q, 
2H, CH2, J = 6.7 Hz), 1.72 (s, 3H, CH3), 1.51 (t, 3H, J = 6.7 
Hz). MS: m/z: 373 (6.0), 313 (50.0), 201 (85.7), 162 (17.9), 
87 (14.3), 55 (100). Anal. calcd. for C22H19N3O3 (373): C, 
70.77; H, 5.09; N, 11.26. Found: C, 70.66; H, 4.94; N, 11.43. 
2-Cyano-3-(ethoxycarbonylmethylthio)-N'-(9H-fluo-
ren-9-ylidene)-3-(phenylamino)acrylohydrazide (10). 
Suspension of finally divided KOH (0.28 g; 0.005 mol) in 
dry dimethyl formamide (10 ml), compound (1) (1.3 g, 
0.005 mol) was added. After stirring for 15 min., phenyl 
isothiocyante (0.76 mL, 0.005 mol) was added dropwise. 
The mixture was stirred at room temperature for 3h, then 
cooled again to 0oC, treated with ethyl chloroacetate (0.53 
mL, 0.005 mol) and the stirring was continued at room 
temperature for further 3h, then left to stand overnight. The 
mixture was poured into ice-cold water. The resulting 
precipitate was filtered off, dried then recrystallized from 
benzene to give (10) as yellow crystals, 1.25 g (52%), mp 
158-160 oC, IR: NH 3434, 3385, C≡N 2193, C=Oester 1732, 
C=Oamide 1647 cm-1. 1H NMR (CDCl3) δ 12.61 (s, 1H, NH, 
exchangeable with D2O), 10.25 (s, 1H, NH, exchangeable 
with D2O), 8.01-7.26 (m, 13Harom.), 4.2 (q, 2H, CH2, J = 7.2 
Hz), 3.44 (s, 2H, CH2), 1.28 (t, 3H, J = 7.2 Hz). MS: m/z: 
429 (10.9), 356 (12.7), 262 (10.9), 163 (72.7), 76 (100). 
Anal. calcd. for C27H22N4O3S (482.14): C, 67.21; H, 4.56; N, 
11.61. Found: C, 67.44; H, 4.35; N, 11.46. 
2-Cyano-3-(ethylthio)-N'-(9H-fluoren-9-ylidene)-3-
(phenylamino)acrylohydrazide (11). To a cold suspension 
of finally divided KOH (0.28 g; 0.005 mol) in dry dimethyl 
formamide (10 ml), compound (1) (1.3 g, 0.005 mol) was 
added. After stirring for 15 min., phenyl isothiocyante (0.76 
mL, 0.005 mol) was added dropwise. The mixture was 
stirred at room temperature for 3h, then cooled again to 0oC, 
treated with diethyl sulphate (0.65 mL, 0.005 mol) and the 
stirring was continued at room temperature for further 3h, 
then left to stand overnight. The mixture was poured into 
ice-cold water. The resulting precipitate was filtered off, 
dried then recrystallized from benzene to give (11) as orange 
crystals, 1.6 g (75%), mp 122-124 oC, IR: NH 3374, 3166, 
CHarom. 3054, CH3, CH2 2964, 2925, C≡N 2191, C=O 1653 
cm-1. 1H NMR (CDCl3) δ 12.67 (s, 1H, NH, exchangeable 
with D2O), 10.25 (s, 1H, NH, exchangeable with D2O), 
8.02-7.27 (m, 13Harom.), 3.7 (q, 2H, CH2, J = 4.6 Hz), 1.24 (t, 
3H, CH3, J = 4.6 Hz).  MS: m/z: 424 (3.6), 363 (6.6), 305 
(10.3), 220 (26.5), 164 (84.3), 77 (100). Anal. calcd. for 
C25H20N4OS (424.14): C, 70.73; H, 4.71; N, 13.20. Found: C, 
70.41; H, 4.55; N, 13.09. 
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Hydrazinolysis of 11; Formation of 9-fluorenone 
hydrazone (12). To a solution of compound (11) (0.85 g, 
0.002 mol) in ethanol (20 ml), hydrazine hydrate (0.5 ml, 
0.011 mol) was added portionwise with stirring for one hour 
at room temperature then under reflux for 3 hrs. After 
cooling, the solid separated was collected by filtration, dried 
and recrystallized from benzene to give hydrazone (12) as 
pale yellow crystals; mp 154-156 oC (did not depressed with 
an authentic sample prepared from the condensation of 9-
fluorenone with hydrazine hydrate). 
2-Cyano-2-(1,3-dithiolan-2-ylidene)-N'-(9H-fluoren-9-
ylidene)acetohydrazide (15). To a cold suspension of 
finally divided KOH (0.28 g; 0.005 mol) in dry dimethyl 
formamide (10 ml), compound (1) (1.3 g, 0.005 mol) was 
added. After stirring for 15 min., carbon disulphide (0.3 mL, 
0.005 mol) was added dropwise. The mixture was stirred at 
room temperature for 3h, then cooled again to 0oC, treated 
with 1,2-dibromoethane (0.43 mL, 0.005 mol) and the 
stirring was continued at room temperature for further 3h, 
then left to stand overnight. The mixture was poured into 
ice-cold water. The resulting precipitate was filtered off, 
dried then recrystallized from ethanol/dioxane to give (15) 
as yellow crystals, 1.45 g (80 %), mp 272-274 oC, IR: NH 
3356, CHarom. 3054 , CH2 2978, 2933, C≡N 2195, C=O 1677 
cm-1. 1H NMR (DMSO-d6) δ 11.32 (s, 1H, NH, 
exchangeable with D2O), 8.11-7.37 (m, 8Harom.), 3.7 (br.s, 
4H, 2 CH2). MS: m/z: 365 (M+2, 9.1), 363 (27.7), 194 
(17.3), 170 (100), 166 (9.4), 114 (22.1). Anal. calcd. for 
C19H13N3OS2 (363.05): C, 62.79; H, 3.61; N, 11.56. Found: 
C, 62.59; H, 3.42; N, 11.26.  
2-Cyano-2-(1,3-dithian-2-ylidene)-N'-(9H-fluoren-9-
ylidene)acetohydrazide (16). Suspension of finally divided 
KOH (0.28 g; 0.005 mol) in dry dimethyl formamide (10 
ml), compound (1) (1.3 g, 0.005 mol) was added. After 
stirring for 15 min., carbon disulphide (0.3 mL, 0.005 mol) 
was added dropwise. The mixture was stirred at room 
temperature for 3h, then cooled again to 0oC, treated with 
1,3-dibromopropane (0.5 mL, 0.005 mol) and the stirring 
was continued at room temperature for further 3h, then left 
to stand overnight. The mixture was poured into ice-cold 
water. The resulting precipitate was filtered off, dried then 
recrystallized from toluene to give (16) as yellow crystals, 
1.5 g (82%) mp 210-212 oC, IR: NH 3352, CHarom. 3050, 
CH2 2923, C≡N 2192, C=O 1673 cm-1. 1H NMR (DMSO-
d6) δ 11.34 (s, 1H, NH, exchangeable with D2O), 8.13-7.34 
(m, 8Harom.), 3.25 (t, 2H, CH2, J = 7.2 Hz), 3.08 (t, 2H, CH2, 
J = 7.2 Hz), 2.23 (m, 2H, CH2). MS: m/z: 379 (M+2, 12.9), 
329 (56.5), 288 (56.5), 246 (39.1), 179 (82.6), 115 (73.9), 77 
(100). Anal. calcd. for C20H15N3OS2 (377.07): C, 63.64; H, 
4.01; N, 11.13. Found: C, 63.55; H, 3.78; N, 11.02. 
N'-(9H-fluoren-9-ylidene)-2-(4-oxo-4,5-dihydrothiazol-
2-yl)acetohydrazide (17). A mixture of compound (1) (2.61 
g, 0.01 mol) and thioglycollic acid (0.69, 0.01 mol) in 
glacial acetic acid (20 ml) was refluxed for 3 h. The mixture 
was poured into ice-cold water.  
 
 
 
The resulting precipitate was filtered off, dried then 
recrystallized from benzene/ethanol to give (17) as beige 
crystals, 1.87 g (56 %), mp 220-224 oC,  IR: NH 3377, 
CHarom. 3062, CH2 2923, C=O 1675 cm-1. 1H NMR (DMSO-
d6) δ 10.09 (s, 1H, NH, exchangeable with D2O), 7.84-7.21 
(m, 8Harom.), 3.64 (s, 2H, CH2), 2.44 (s, 2H, CH2). MS: m/z: 
335 (61.5), 288 (56.4), 260 (41.0), 226 (17.9), 205 (92.3), 
165 (79.5), 127 (51.3), 99 (71.8), 83 (66.7), 55 (100). Anal. 
calcd. for C18H13N3O2S (335.07): C, 64.46; H, 3.91; N, 
12.53. Found: C, 64.20; H, 3.65; N, 12.34. 
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SYNTHESIS AND ANTIOXIDANT ACTIVITIES OF 6- ARYL-3,4-
DIHYDRO-1-(TETRAHYDRO-3,4-DIHYDROXY-5-
(HYDROXYMETHYL)-FURAN-2-YL)-4-PHENYLPYRIMIDINE-
2(1H)-THIONE DERIVATIVES 
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Keywords: Thiones; synthesis; antioxidant activity index; 
A new series of 6-(aryl)-3,4-dihydro-1-(tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)-4-phenylpyrimidine-2(1H)-thione 
derivative (5A-5J) have been synthesized from 6-(substituted aldehyde)-4-phenylpyrimidine-2(1H)-thione derivative (4A-4J) by the 
Claisen-Schmidt cyclization and Satos fusion. The structures of the synthesized compounds were elucidated by IR, 1H NMR, elemental 
analysis and mass spectroscopic techniques. The synthesized compounds were screened for in-vitro antioxidant activity using the 
DPPH(2,2 diphenyl 1-picrylhydrazyl) assay. The activity summarized by antioxidant activity unit (AAU) and  antioxidant activity index 
(AAI). The antioxidant strength of compounds was compared against ascorbic acid. Among them, compounds 5A, 5D, 5E, 5F exhibited 
significant antioxidant activity. 
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Introduction 
Free radicals are well known for playing a dual role in 
our body, deleterious as well as beneficial. It includes 
metabolic pathway for its generation.1 It mainly explores 
the formation and the scavenging of free radicals, as well 
as the damage caused by free radicals in biological 
system. Oxidative stress in our body occurs due to 
excessive generation of free radical and reduced level of 
antioxidant but at low concentration these radicals 
performs normal physiological functions of body. 
Scientific evidence suggests that antioxidants reduce the 
risk for chronic diseases including cancer and heart 
disease.2  
Free radical may be defined as the atoms, molecules or 
ions with unpaired electrons in an open shell 
configuration. Some time free radicals may contain 
positive, negative or zero charge.3 Free radicals play an 
important role in combustion, atmospheric chemistry, 
polymerization, plasma chemistry and many other 
chemical processes4. 
The large generation of free radicals particularly 
reactive oxygen species and their high activity plays an 
important role in the progression of great number of 
pathological disturbances such as inflammation,5 
atherosclerosis,6 cancer,7 parkinsonism8 and alzheimer’s 
disease.9 
Figure 1. Effect of free radical in specific body parts 
Inflammation is mostly caused through excessive 
generation of free radical in body. Pyrimidine is a six 
member heterocyclic compound that contains two 
nitrogen atoms at the position 1 and 3. Pyrimidines, being 
an integral part of DNA and RNA impart to diverse 
pharmacological properties as effective bactericide & 
fungicides.10 Nitrogen containing heterocyclic ring such 
as pyrimidine is a promising structural moiety for drug 
designing. Pyrimidine derivatives form a component in a 
number of useful drugs and are associated with many 
biological and therapeutically activities.11 Condensed 
pyrimidine derivatives have been reported as antioxidant, 
anti-microbial,12 analgesic,13 anti-viral,14 anti-
inflammatory,15 anti-HIV,16 anti-tubercular,17 anti-
tumor,18 anti-neoplastic,19 and anti-malarial.20  
Experimental 
All the reagents and solvents used were laboratory 
grade and obtained from the supplier (Sigma-Aldrich, 
CDH and Rankem) or recrystallized/ redistilled as 
necessary. The melting points of the products were 
determined by open capillaries method and are 
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uncorrected. IR spectra (KBr) were recorded on FTIR 
spectrophotometer (Shimadzu FTIR 8400s, 4000-400 cm-
1). The elemental analysis was carried out using Heraus 
CHN rapid analyzer. 1HNMR spectra were recorded on a 
JEOL AL300 FTNMR 300 MHz spectrometer in DMSO 
using TMS as an internal standard, with 1H resonance 
frequency of 300 MHz chemical shift values are 
expressed in  ppm. The purity of compounds 
synthesized, commercial reagents used and monitor of 
reaction was done by thin layer chromatography (TLC) 
plates (Silica gel G). Two solvent systems: Toluene: 
Ethyl acetate: Formic acid (5:4:1) and Ethyl acetate:  n-
Hexane (3:7) were used to run TLC. The spots were 
located under iodine vapors and UV light. The activity 
was performed on instrument UV Visible 
Spectrophotometer UV-1700 Pharmaspec Shimadzu.   
Synthesis of compounds (3A-J): 
Equimolar portions of the appropriately substituted 
aromatic aldehyde (10 mmol, 1 eq.) and acetophenone 
(10 mmol, 1 eq.) were dissolved in approximately in 15 
ml of ethanol. The mixture was allowed to stir for several 
minutes at 5-10 °C. Then 10ml of 40% aq. NaOH 
solution was added drop wise to the reaction mixture in 
the conical flask. The reaction mixture then allowed 
stirring at room temperature for 4 h on stirrer and 
precipitate is allowed to stand overnight in refrigerator. 
Precipitate is formed which is collect by filtration and 
repeatedly washed with distilled water and finally 
recrystallized in ethanol. The solvent system was used for 
the TLC ethyl acetate: n-Hexane (3:7). 
Synthesis of 3-(2-methoxyphenyl)-1-phenylprop-2-en-
1-one (3A): It was obtained by reaction of acetophenone 
with 2-methoxy benzaldehyde. Molecular formula: 
C16H14O2; Molecular weight: 238; m. p.: 52-54°C; Rf. 
value (Ethyl acetate: n-Hexane; 3: 7): 0.72; IR (KBr, cm-
1): 1670.44 (conj. C=C), 1602.74 (Ar. C=C), 1249.79 (Ar. 
C-O), 692.40 (Ar. C-H bend).  
Synthesis of 3-(4-methoxyphenyl)-1-phenylprop-2-en-
1-one (3B): It was obtained by reaction of acetophenone 
with 4-methoxy benzaldehyde. Molecular formula: 
C16H14O2; Molecular weight: 238;  m. p.: 72-74°C; Rf. 
value (Ethyl acetate: n-Hexane; 3: 7): 0.76; IR (KBr, cm-
1): 1656.74 (conj. C=C), 1600.81 ( Ar. C=C), 1213.14 
(Ar. C-O), 688.54 (Ar. C-H bend).  
Synthesis of 3-(2-chlorophenyl)-1-phenylprop-2-en-1-
one (3C): It was obtained by reaction of acetophenone 
with 2-chloro benzaldehyde. Molecular formula: 
C15H11ClO; Molecular weight: 242; m. p.: 55-57°C; Rf. 
value (Ethyl acetate: n-Hexane; 3: 7): 0.78; IR (KBr, cm-
1): 1660.60 (conj. C=C), 1577.66 (Ar. C=C), 1249.79 (Ar. 
C-O), 692.40 (Ar. C-H bend), 752.19 (C-Cl).  
Synthesis of 3-(4-chlorophenyl)-1-phenylprop-2-en-1-
one (3D): It was obtained by reaction of acetophenone 
with 4-chloro benzaldehyde. Molecular formula: 
C15H11ClO; Molecular weight: 242; m. p.: 80-84°C; Rf. 
value (Ethyl acetate: n-Hexane; 3: 7): 0.75; IR (KBr, cm-
1): 1658.67 (conj. C=C), 1604.66 (Ar. C=C), 1244.36 (Ar. 
C-O), 688.54 (Ar. C-H bend), 710.46 (C-Cl). 
Synthesis of 3-(2,4-dichlorophenyl)-1-phenylprop-2-
en-1-one (3E): It was obtained by reaction of 
acetophenone with 2,4-dichlorobenzaldehyde. Molecular 
formula: C15H10Cl2O; Molecular weight: 277; m. p.: 70-
72°C; Rf. value (Ethyl acetate: n-Hexane; 3: 7): 0.72; IR 
(KBr, cm-1): 1662.52 (conj. C=C), 1608.52 (Ar. C=C), 
1286.36 (Ar. C-O), 684.68 (Ar. C-H bend), 713.61 (C-
Cl). 
Synthesis of 3-(2,6-dichlorophenyl)-1-phenylprop-2-
en-1-one (3F): It was obtained by reaction of 
acetophenone with 2,6-dichlorobenzaldehyde. Molecular 
formula: C15H10Cl2O; Molecular weight: 277; m. p.: 76-
78°C; Rf. value (Ethyl acetate: n-Hexane; 3: 7): 0.74; IR 
(KBr, cm-1): 1660.60 (conj. C=C), 1612.38 (Ar. C=C), 
1265.22 (Ar. C-O), 696.25 (Ar.  C-H bend), 719.40 (C-
Cl). 
Synthesis of 3-(2-fluorophenyl)-1-phenylprop-2-en-1-
one (3G): It was obtained by reaction of acetophenone 
with 2- fluorobenzaldehyde. Molecular formula: 
C15H11FO; Molecular weight: 226; m. p.: 38-40°C; Rf. 
value (Ethyl acetate: n-Hexane; 3: 7): 0.78; IR (KBr, cm-
1): 1641.31 (conj. C=C), 1612.38 (Ar. C=C), 1244.36 (Ar. 
C-O), 686.61 (Ar. C-H bend), 1384.79 (C-F). 
Synthesis of 3-(4-fluorophenyl)-1-phenylprop-2-en-1-
one (3H): It was obtained by reaction of acetophenone 
with 2- flurobenzaldehyde. Molecular formula: 
C15H11FO; Molecular weight: 226; m. p.: 40-42°C; Rf. 
value (Ethyl acetate: n-Hexane; 3: 7): 0.80; IR (KBr, cm-
1): 1696.60 (conj. C=C), 1609.59 (Ar. C=C), 1213.14 (Ar. 
C-O), 688.54 (Ar. C-H bend), 1382.87 (C-F). 
Synthesis of 3-(4-bromophenyl)-1-phenylprop-2-en-1-
one (3I): It was obtained by reaction of acetophenone 
with 4- bromobenzaldehyde. Molecular formula: 
C15H11BrO; Molecular weight: 287; m. p.: 112-114°C; Rf. 
value (Ethyl acetate: n-Hexane; 3: 7): 0.72; IR (KBr, cm-
1): 1658.67 (conj. C=C), 1608.52 (Ar. C=C), 1332.72 (Ar. 
C-O), 688.54 (Ar. C-H bend), 532.32(C-Br). 
Synthesis of 3-(3-nitrophenyl)-1-phenylprop-2-en-1-
one (3J): It was obtained by reaction of acetophenone 
with 3- nitrobenzaldehyde. Molecular formula: 
C15H11NO3; Molecular weight: 253; m. p.: 68-70°C; Rf. 
value (Ethyl acetate: n-Hexane; 3: 7): 0.66; IR (KBr, cm-
1): 1662.52 (conj. C=C), 1608.52 (Ar. C=C), 1218.93 (Ar. 
C-O), 655.75 (Ar. C-H bend), 1529.45 (Ar-NO2), 1352.01 
(Ar-NO2). 
Synthesis of compounds (4A-J): General procedure: 
A mixture of compound i.e. substituted chalcone (0.01 
M) (3A-J), add 0.01 M of NaOH and thiourea (0.01 M) 
was refluxed in ethanol for 8-10 h. The content was 
concentrated and pours into cold water. The product so 
obtained was washed with water repeatedly and 
recrystallized in ethanol. 
Synthesis of 3,4-dihydro-4-(2-methoxyphenyl)-6-
phenylpyrimidine-2(1H)-thione (4A): It was obtained by 
reaction of compound  3-(2-methoxyphenyl)-1-
phenylprop-2-en-1-one (0.01 M), add 0.01 M of NaOH 
and thiourea (0.01 M) was refluxed in ethanol. Molecular 
formula: C17H16N2OS; Molecular weight: 296.39; m. p.: 
60-62°C; Rf. value (Toluene: Ethyl acetate: Formic acid:-
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5:4:1): 0.74; IR (KBr, cm-1): 3463(N-H), 1645.71(C=O), 
3018.39(Ar C-H), 1596.95(C=C), 838.98(C-H Bending), 
1132.14(C-O-C).   
Synthesis of 3,4-dihydro-4-(4-methoxyphenyl)-6-
phenylpyrimidine-2(1H)-thione (4B): It was obtained by 
reaction of compound  3-(4-methoxyphenyl)-1-
phenylprop-2-en-1-one (0.01 M), add 0.01 M of NaOH 
and thiourea (0.01 M) was refluxed in ethanol. Molecular 
formula: C17H16N2OS; Molecular weight: 296.39; m. 
p.:65-67°C; Rf. value (Toluene: Ethyl acetate: Formic 
acid:-5:4:1):0.68; IR (KBr, cm-1): 3460.06 (N-H), 
3099.39 (Ar C-H), 1647.10 (C=O), 1575.73 (C=C), 
1132.14 (C-O-C), 865.98 (C-H bending). 
Synthesis of 4-(2-chlorophenyl)-3,4-dihydro-6-
phenylpyrimidine-2(1H)-thione (4C): It was obtained by 
reaction of compound  3-(2-chlorophenyl)-1-phenylprop-
2-en-1-one (0.01 M), add 0.01 M of NaOH and thiourea 
(0.01 M) was refluxed in ethanol. Molecular formula: 
C16H13ClN2S; Molecular weight: 300; m. p.: 60-62°C; Rf. 
value (Toluene: Ethyl acetate: Formic acid:-5:4:1): 0.74; 
IR (KBr, cm-1): 1556.45 (NH bend), 1384.79 (C=S str.), 
754.12 (C-Cl), 694.33 (Ar. C-H bend).  
Synthesis of 4-(4-chlorophenyl)-3,4-dihydro-6-
phenylpyrimidine-2(1H)-thione (4D): It was obtained by 
reaction of compound  3-(4-chlorophenyl)-1-phenylprop-
2-en-1-one (0.01 M), add 0.01 M of NaOH and thiourea 
(0.01 M) was refluxed in ethanol. Molecular formula: 
C16H13ClN2S; Molecular weight: 300; m. p.: 62-64°C; Rf. 
value (Toluene: Ethyl acetate: Formic acid:-5:4:1): 0.78; 
IR (KBr, cm-1): 1558.38 (NH bend), 1384.79 (C=S str.), 
764.83 (C-Cl), 696.44 (Ar. C-H bend). 
Synthesis of 4-(2,4-dichlorophenyl)-3,4-dihydro-6-
phenylpyrimidine-2(1H)-thione (4E): It was obtained by 
reaction of compound 3-(2,4-dichlorophenyl)-1-
phenylprop-2-en-1-one  (0.01 M), add 0.01 M of NaOH 
and thiourea (0.01 M) was refluxed in ethanol. Molecular 
formula: C16H12Cl2N2S; Molecular weight: 335.25; m. p.: 
80-82°C; Rf. value: 0.76 (Toluene: Ethyl acetate: Formic 
acid:-5:4:1): 0.78; IR (KBr, cm-1): 1598.88 (NH bend), 
1384.79 (C=S str.), 761.83 (C-Cl), 690.47 (Ar. C-H 
bend). 
Synthesis of 4-(2,6-dichlorophenyl)-3,4-dihydro-6-
phenyl-pyrimidine-2(1H)-thione (4F): It was obtained by 
reaction of compound   3-(2,6-dichlorophenyl)-1-
phenylprop-2-en-1-one (0.01 M), add 0.01 M of NaOH 
and thiourea (0.01 M) was refluxed in ethanol. Molecular 
formula: C16H12Cl2N2S; Molecular weight: 335.25; m. p.: 
54-56°C; Rf. value: 0.74 (Toluene: Ethyl acetate: Formic 
acid:-5:4:1): 0.78; IR (KBr, cm-1): 1556.45 (NH bend), 
1350.66 (C=S str.), 775.33 (C-Cl), 696.25 (Ar. C-H 
bend). 
Synthesis of 4-(2-fluorophenyl)-3,4-dihydro-6-phenyl-
pyrimidine-2(1H)-thione (4G): It was obtained by 
reaction of compound    3-(2-fluorophenyl)-1-
phenylprop-2-en-1-one (0.01 M), add 0.01 M of NaOH 
and thiourea (0.01 M) was refluxed in ethanol. Molecular 
formula: C16H13FN2S; Molecular weight: 284.35; Rf. 
value: (Toluene: Ethyl acetate: Formic acid:-5:4:1): 0.78. 
Synthesis of 4-(4-fluorophenyl)-3,4-dihydro-6-phenyl 
pyrimidine-2(1H)-thione (4H): It was obtained by 
reaction of compound 3-(4-fluorophenyl)-1-phenylprop-
2-en-1-one  (0.01 M), add 0.01 M of NaOH and thiourea 
(0.01 M) was refluxed in ethanol. Molecular formula: 
C16H13FN2S; Molecular weight: 284.35; m. p: 54-560C.; 
Rf. value: 0.75, (Toluene: Ethyl acetate: Formic acid:-
5:4:1): 0.78; IR (KBr, cm-1): 1650.44 (Ar. C=C), 1506.30 
(NH bend), 1382.87 (C=S str.), 1222.79 (C-F). 
Synthesis of 4-(4-bromophenyl)-3,4-dihydro-6-phenyl-
pyrimidine-2(1H)-thione (4I): It was obtained by reaction 
of compound    3-(4-bromophenyl)-1-phenylprop-2-en-1-
one (0.01 M), add 0.01 M of NaOH and thiourea (0.01 M) 
was refluxed in ethanol. Molecular formula: 
C16H13BrN2S; Molecular weight: 345.26; m. p:77-79°C; 
Rf. value:0.73 (Toluene: Ethyl acetate: Formic acid:-
5:4:1):; I.R. value: 1598.88(Ar. C=C),1576.70(NH bend), 
1384.79(C=S str.), 1300.90 (C-Br). 
Synthesis of 3,4-dihydro-4-(3-nitrophenyl)-6-phenyl-
pyrimidine-2(1H)-thione (4J): It was obtained by reaction 
of compound 3-(3-nitrophenyl)-1-phenylprop-2-en-1-one 
(3J) (0.01 M), add 0.01 M of NaOH and thiourea (0.01 
M) was refluxed in ethanol. Molecular formula: 
C16H13N3O2S; Molecular weight: 311.36; m. p: 71-73°C.; 
Rf. value: 0.66, (Toluene: Ethyl acetate: Formic acid:-
5:4:1); I.R. value: 3448.49 (N-H), 3024.18 (C-H, Ar), 
1596.95 (C=C), 1384.79 (NO2), 1640.10 (C=O).  
Synthesis of compounds (5A-J): General procedure 
To a solution of 4 (0.01mol) in ethanol, β-D-
ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH and the content were refluxed 
under vacuum with stirring at 155-160°C for 15-30 min. 
The vacuum was removed and the reaction mixture was 
protected from moisture by fitting a guard tube. Stirring 
was further continued for 10 h and vacuum was applied 
for 10 min. at every h. The viscous mass thus obtained 
was dissolve in sodium containing methanol and boiled 
for 10 min then left for stirring over night at room 
temperature. The reaction mixture was filtered and the 
filtrate was evaporated to dryness. The viscous residue, 
thus obtained was dissolved in ether, filtered, 
concentrated and kept in refrigerator overnight to get 
crystalline product. 
Synthesis of 3,4-dihydro-1-(tetrahydro-3,4-dihydroxy-
5-(hydroxymethyl)furan-2-yl)-6-(2-methoxyphenyl)-4-
phenyl-pyrimidine-2(1H)-thione(5A): It was obtained 
from the reaction of 3,4-dihydro-4-(2-methoxyphenyl)-6-
phenyl-pyrimidine-2(1H)-thione (0.01mol) in ethanol, β-
D-ribofuranose-1,2,3,5 tetra-O-acetate (0.01 mol) was 
added in presence of TsOH. Molecular formula: 
C22H24N2O5S; Molecular weight: 428.5;  m. p.: 55-57°C; 
Rf. value (Toluene: Ethyl acetate: Formic acid:-5:4:1): 
0.92; IR (KBr, cm-1): 3487.06 (N-H Str), 3392.55 (O-H 
str), 3083.96 (C-H, Ar.), 1558.38 (C=C), 1384.79 (C=S), 
1081.99 (C-O-C), 894.91(C-H, bend.); 1HNMR (CDCl3-d, 
δ, ppm): 1.117-1.295(d, 1H, CH), 2.6549(s, 1H, NH), 
3.562(s, 3H, OH), 3.646-3.790(d, 2H, CH2), 3.813-
4.685(m, 4H, CH), 5.290(d, 1H, CH), 6.910-7.645(m, 9H, 
Ar-CH).; m/e: 428.8, 418.9, 397.0, 383.0, 376.0, 336.9, 
334.9 (100%), 280.0, 275.9, 268.9, 199.0, 165.1, 
105.0.Elemental analysis calculated/found: C, 
61.67/61.64; H, 5.65/5.69; N, 6.54/6.59. 
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Synthesis of 3,4-dihydro-1-(tetrahydro-3,4-dihydroxy-
5-(hydroxymethyl)furan-2-yl)-6-(4-methoxyphenyl)-4-
phenyl-pyrimidine-2(1H)-thione (5B): It was obtained 
from the reaction of 3,4-dihydro-4-(4-methoxyphenyl)-6-
phenyl-pyrimidine-2(1H)-thione (0.01mol) in ethanol, β-
D-ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH.Molecular formula: 
C22H24N2O5S; Molecular weight: 428.5;  m. p.: 92-94°C; 
Rf. value (Toluene: Ethyl acetate: Formic acid:-5:4:1): 
0.78; IR (KBr, cm-1):3417.63 (N-H str), 3353.98 (O-H 
str), 3060.82 (C-H Ar.), 1595.02 (C=C), 1128.28 (C-O-
C), 1382.87 (C=S), 815.83 (C-H bend.).; 1HNMR 
(CDCl3-d, δ, ppm): 1.112-1.290(d, 1H, CH), 2.778(s, 1H, 
NH), 3.657(s, 3H, OH), 3.671-3.900(d, 2H, CH2), 
4.013(s, 3H, OCH3), 4.680(m, 4H, CH), 5.290(d, 1H, 
CH), 6.903-7.824(m, 9H, Ar-CH). m/e: 428.14, 417.00, 
389.1, 372.11, 368.1(100%), 337.1, 327.00, 191.1, 
151.00. Elemental analysis calculated/ Found: C, 
61.67/61.66; H, 5.65/5.61; N, 6.54/6.50 
Synthesis of 6-(2-chlorophenyl)-3,4-dihydro-1-
(tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)-
4-phenylpyrimidine-2(1H)-thione (5C) It was obtained 
from the reaction of 4-(2-chlorophenyl)-3,4-dihydro-6-
phenylpyrimidine-2(1H)-thione (0.01mol) in ethanol, β-
D-ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH. Molecular formula: 
C21H21ClN2O4S; Molecular weight: 432.09; m. p.:96-
98°C; Rf. Value:0.89.(Toluene: Ethyl acetate: Formic 
acid: 5:4:1); IR (KBr, cm-1): 3400.27(N-H str), 
3357.84(O-H str),  3155.33(C-H Ar), 1593.09(C=C), 
1382.87(C=S), 1132.14(C-O-C), 885.27(C-H bend), 
756.04(C-Cl).; 1HNMR (CDCl3-d, δ, ppm): 1.138(d, 1H, 
CH), 3.583(s, 1H, NH), 3.764(s, 3H, OH), 3.586(d, 2H, 
CH2), 5.290(m, 5H, CH), 6.980-8.101(m, 9H, Ar-CH). 
m/e: 433.0, 415.0, 411.0, 381.1, 309.1, 313.1, 297.1, 
279.1, 267.1, 243.1, 239.1(100%), 121.1, 105.1.; 
Elemental analysis calculated/ Found: C, 58.26/58.22; H, 
4.89/4.81; N, 6.47/6.49. 
Synthesis of 6-(4-chlorophenyl)-3,4-dihydro-1-
(tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)-
4-phenylpyrimidine-2(1H)-thione (5D) It was obtained 
from the reaction of 4-(4-chlorophenyl)-3,4-dihydro-6-
phenylpyrimidine-2(1H)-thione (0.01mol) in ethanol, β-
D-ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH. Molecular formula: 
C21H21ClN2O4S; Molecular weight: 432.92; m. p. 86-
88°C; Rf. value 0.64. (Toluene: Ethyl acetate: Formic 
acid:-5:4:1); IR (KBr cm-1): 3413.77(N-H), 3371.34(O-H 
str) ,3070.46(C-H, Ar.), 1568.02(C=C), 1380.94(C=S), 
1157.21(C-O-C), 817.76(C-H bend.), 723.26 (C-Cl).; 
1HNMR (CDCl3-d, δ, ppm): 1.124-1.360(d, 2H, CH), 
3.331(s, 1H, NH), 3.353-3.663(s, 3H, OH), 3.665-
3.707(d, 2H, CH2), 3.707-4.548(m, 4H, CH), 5.290(m, 
9H, Ar-CH).; m/e: 434.1, 426.2, 414.1, 386.1, 380.2, 
362.2, 316.1, 306.1, 304.1, 294.1, 266.2, 244.00, 239.00, 
217.1 (100%), 130.2, 114.0, 110.1.; Elemental analysis 
calculated/Found : C, 61.40/61.45; H, 5.98/5.99; N, 
5.73/5.69. 
Synthesis of 6-(2,4-dichlorophenyl)-3,4-dihydro-1-
(tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)-
4-phenylpyrimidine-2(1H)-thione (5E)It was obtained 
from the reaction of 4-(2,4-dichlorophenyl)-3,4-dihydro-
6-phenyl-pyrimidine-2(1H)-thione (0.01mol) in ethanol, 
β-D-ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH. Molecular formula: 
C21H20F2N2O4S; Molecular weight: 434.46; m. p.: 72-
74C; Rf. value 0.67. (Toluene: Ethyl acetate: Formic 
acid:-5:4:1); IR (KBr cm-1): 3452.34(N-H), 3377.12(O-H, 
str), 3062.75(C-H, Ar), 1562.23(C=C), 1369.37(C=S), 
1153.35(C-O-C), 865.98(C-H bend), 759.90(C-Cl). 1H-
NMR (CDCl3-d, δ, ppm): 1.117-1.295(d, 1H, CH), 
2.800(s, 1H, NH), 3.323-3.402(s, 3H, OH), 3.562-
3.662(d, 2H, CH2), 3.677-4.685(m, 4H, CH), 5.290(d, 1H, 
CH), 6.910-7.645(m, 8H, Ar-CH); m/e: 433.0, 423.0, 
378.0, 363.0, 345.0, 342.0, 308.1, 301.0, 263.0 (100%), 
243.1, 242.1, 208.2, 165.0,105.0.; Elemental analysis 
calculated: C, 58.06; H, 4.64; N, 6.45. 
Synthesis of 6-(2,6-dichlorophenyl)-3,4-dihydro-1-
(tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)-
4-phenylpyrimidine-2(1H)-thione (5F): It was obtained 
from the reaction of 4-(2,6-dichlorophenyl)-3,4-dihydro-
6-phenylpyrimidine-2(1H)-thione (0.01mol) in ethanol, β-
D-ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH. Molecular formula: 
C21H20Cl2N2O4S; Molecular weight: 467.37; m. p.: 105-
107C; Rf. value 0.91. (Toluene: Ethyl acetate: Formic 
acid:-5:4:1); IR (KBr cm-1) 3421.48(N-H), 3338.55(0-H, 
str), 3049.25(C-H, Ar.), 1596.95(C=C), 1132.14(C-O-C), 
1384.79(C=S), 817.60(C-H bend.), 761.83(C-Cl). 1H-
NMR (CDCl3-d, δ, ppm): 1.117-1.295(d, 1H, CH), 
2.800(s, 1H, NH), 3.323-3.402(s, 3H, OH), 3.562-
3.662(d, 2H, CH2), 3.677-4.685(m, 4H, CH), 5.290(d, 1H, 
CH), 6.910-7.645(m Ar-CH).; m/e: 467.05, 396.1, 391.1, 
370.0, 352.1, 332.1, 326.1 (100%), 308.1, 295.1, 285.0, 
267.1, 149.1, 135.2, 131.1. Elemental analysis calculated: 
C, 53.97; H, 4.31; N, 5.99 
Synthesis of 6-(2-fluorophenyl)-3,4-dihydro-1-
(tetrahydro -3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)-
4-phenyl-pyrimidine-2(1H)-thione (5G) It was obtained 
from the reaction of 4-(2-fluorophenyl)-3,4-dihydro-6-
phenyl-pyrimidine-2(1H)-thione (0.01mol) in ethanol, β-
D-ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH. Molecular formula: 
C21H21FN2O4S; Molecular weight: 416.47; Rf. value 0.91. 
(Toluene: Ethyl acetate: Formic acid:-5:4:1); IR (KBr, 
cm-1): 3425.34(N-H), 3317.34(O-H Str), 3060.82(C-H, 
Aromatic), 1598.88(C=C), 1384.79(C=S), 1126.35(C-O-
C), 815.83(C-H bending), 1217.00(C-F).; 1H-NMR 
(CDCl3-d, δ, ppm): 1.06484(d, 1H, CH), 2.50791(s, 1H, 
NH), 2.54789(s, 3H, OH), 3.42824(d, 2H, CH2), 
4.45649(m, 4H, CH), 6.54012(d, 1H, CH), 6.58801-
7.182530(m, 9H, Ar-CH). m/e: 414.8, 280.3, 237.0 
(100%), 225.1, 215.3. Elemental analysis calculated: C, 
60.56; H, 5.08; N, 6.73; 
Synthesis of 6-(4-fluorophenyl)-3,4-dihydro-1-
(tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)-
4-phenyl-pyrimidine-2(1H)-thione (5H): It was obtained 
from the reaction of 4-(4-fluorophenyl)-3,4-dihydro-6-
phenyl-pyrimidine-2(1H)-thione (0.01mol) in ethanol, β-
D-ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH. Molecular formula: 
C21H21FN2O4S; Molecular weight: 416.47; m. p.: 94-96C; 
Rf. value 0.78. (Toluene: Ethyl acetate: Formic acid:-
5:4:1) IR (KBr, cm-1): 3500.56(N-H), 3325.05(O-H Str), 
3060.82(C-H, Ar.), 1596.95(C=C), 1379.01(C=S), 
1217.00(C-F), 1126.35(C-O-C), 815.83(C-H bend.).  1H-
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NMR (CDCl3-d, δ, ppm): 2.009-2.370(d, 1H, CH), 
2.520(s, 1H, NH), 2.632-2.752(d, 2H, CH2), 3.460(s, 3H, 
OH), 3.564(m, 4H, CH), 5.290(d, 1H, CH), 7.090-
7.773(m, 9H, Ar-CH). m/e: 415.02, 347.0, 342.0, 340.0, 
336.9 , 324.0, 239.0, 236.9 (100%), 208.0, 132.2, 116.1.; 
Elemental analysis: C, 60.56; H, 5.08; N, 6.73. 
Synthesis of 3,4-dihydro-1-(tetrahydro-3,4-dihydroxy-
5-(hydroxymethyl)furan-2-yl)-6-(3-nitrophenyl)-4-phenyl-
pyrimidine-2(1H)-thione (5I): It was obtained from the 
reaction of 3,4-dihydro-4-(3-nitrophenyl)-6-phenyl-
pyrimidine-2(1H)-thione (0.01mol) in ethanol, β-D-
ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH. Molecular formula: 
C21H21N3O6S; Molecular weight: 443.47; m. p.:112-
114°C; Rf. value 0.87. (Toluene: Ethyl acetate: Formic 
acid:-5:4:1); IR (KBr cm-1): 3409.91(N-H), 3332.76(O-H 
str), 3039.60(C-H, Ar.), 1602.74(C=C), 1384.79(C=S), 
1126.35(C-O-C), 815.83(C-H bend.), 1521.73(Ar-NO2).; 
1H-NMR (CDCl3-d, δ, ppm): 1.254(d, 1H, CH), 2.420(s, 
1H, NH), 2.905(s, 3H, OH), 3.896(d, 2H, CH2), 4.295(m, 
5H, CH), 6.499-7.259(m, 9H, Ar-CH). m/e: 444.7, 426.9, 
334.9 , 332.9 (100%), 295.9, 222.9,186.9. Elemental 
analysis calculated: C, 56.87; H, 4.77; N, 9.48. 
Synthesis of 3,4-dihydro-1-(tetrahydro-3,4-dihydroxy-
5-(hydroxymethyl)furan-2-yl)-6-(3-nitrophenyl)-4-phenyl-
pyrimidine-2(1H)-thione (5J): It was obtained from the 
reaction of 3,4-dihydro-4-(3-nitrophenyl)-6-phenyl-
pyrimidine-2(1H)-thione thione (0.01mol) in ethanol, β-
D-ribofuranose-1, 2, 3, 5 tetra, o-acetate (0.01 mol) was 
added in presence of TsOH. Molecular formula: 
C21H21N3O6S; Molecular weight: 443.47; m. p.:105-
107°C; Rf. value 0.87. (Toluene: Ethyl acetate: Formic 
acid:-5:4:1); IR (KBr cm-1): 3409.91(N-H), 3332.76(O-H 
str), 3039.60(C-H, Ar.), 1602.74(C=C), 1384.79(C=S), 
1126.35(C-O-C), 815.83(C-H bend.), 1521.73(Ar-NO2).; 
1H-NMR (CDCl3-d, δ, ppm): 1.254(d, 1H, CH), 2.420(s, 
1H, NH), 2.905(s, 3H, OH), 3.896(d, 2H, CH2), 4.295(m, 
5H, CH), 6.499-7.259(m, 9H, Ar-CH). m/e: 444.7, 426.9, 
334.9 , 332.9 (100%), 295.9, 222.9,186.9. Elemental 
analysis calculated: C, 56.87; H, 4.77; N, 9.48. 
Pharmacological screening 
Free radical scavenging method by DPPH(2,2 diphenyl 1-
picrylhydrazyl) Assay 
Various concentrations of test compound 10-200 µg ml-
1 were prepared in the methanol and 1ml of each 
concentration was added to 1ml of 0.1mM solution of 
DPPH. The mixture was shaken vigorously and allowed 
to stand for 30 minutes in dark place, absorbance at 517 
nm was determined by UV spectrometer and the 
percentage scavenging activity was calculated. A blank 
solution of DPPH was prepared and Ascorbic acid was 
used as reference compound. All the compounds were 
tested and analyzed by their absorbance. The equation 
used to measure free radical scavenging is: 
 
 
where   
Ac – absorbance of control 
 At – absorbance of test compound 
A lower value of mean inhibitory concentration shows 
a higher free radical scavenging activity (S, in %). 
Scheme 1.  Reaction Scheme of compounds 5A-J. 
AAU equation 
The free radical scavenging fitting curve equation (y = 
BX + D) when combined with theoretical value of DPPH 
concentration and absorbance (y = KX) to assume the 
index antioxidant activity unit (AAU), it is defined as 
“one mole of DPPH free radical was completely 
scavenged to consume amount (mole number) of the 
scavenger”. Lower the value of AAU, stronger the 
antioxidant ability of compound. 
where  
R - solution volume ratio of sample to solution 
volume of DPPH for each sample 
B - slope of fitting equation of free radical 
scavenging ratio. 
C - initial concentration of DPPH solution observed  
M - molecular weight of sample. 
Result and discussion 
The scavenging effects of the synthesized compounds 
5A-5J on the DPPH radical was evaluated according to 
the Leong and Shui et al. Various concentrations (10, 25, 
50, 75, 100 and 200 µg/ml) of the test compounds in 
methanol were added to a 0.1mM solution of DPPH 
radical in methanol. All the tests and analysis were 
undertaken on three replicates and the results averaged. 
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Table 1. Percentage inhibition and IC50 value of synthesized compounds 5A-5J. 
Compounds 
% Inhibition at µg ml-1 
10 25 50 75 100 200 
IC50, µg ml-1 
Standard 75.84 79.81 83.79 86.85 88.99 85.41 6.50 
5A 57.49 63.00 70.03 75.23 79.51 85.32 8.75 
5B 4.89 17.13 29.97 35.17 57.19 60.16 97.00 
5C 00 00 11.00 33.33 40.37 43.12 225.00 
5D 47.70 66.36 71.87 75.84 79.20 81.96 12.00 
5E 41.59 51.99 59.94 66.67 70.03 73.37 22.00 
5F 41.28 57.49 66.06 71.56 73.09 77.37 18.00 
5G 5.50 14.68 20.18 27.22 34.56 66.06 149.50 
5H 21.10 34.25 40.98 47.70 53.21 65.14 81.00 
5I 7.95 8.87 17.13 22.32 30.28 57.49 172.50 
5J 2.54 5.20 7.95 21.71 29.66 33.03 310.00 
 
Figure 2. % inhibition compounds 5A-5J at a concentration of 
10-200 µg ml-1 incubated for 30 minute with DPPH (0.1mM) at 
517 nm as compared to standard ascorbic acid. 
Figure 3. % inhibition compounds 5A-5J at a concentration of 
10-200 µg/ml incubated for 30 minute with DPPH (0.1mM) at 
517 nm as compared to standard ascorbic acid. 
 
Table 2. AAU data of synthesized compound 5A-J 
No. Compound  Slop r2 AAU 
1 5A 0.2799 0.6729 8.35 
2 5B 0.3118 0.9091 7.49 
3 5C 0.2554 0.8854 9.07 
4 5D 0.2773 0.6612 8.30 
5 5E 0.2619 0.7121 8.80 
6 5F 0.2753 0.6989 7.78 
7 5G 0.3175 0.9956 7.57 
8 5H 0.2725 0.8694 8.81 
9 5I 0.2725 0.9965 7.60 
10 5J 0.1810 0.9192 12.47 
The antioxidant activity of tested compounds revealed that 
the reaction with DPPH is a time dependent fashion and 
higher the concentration of the tested compounds showed 
higher the radical scavenging activity as well as % inhibition 
and AAU. However, Compounds 5A, 5D, 5E, 5F exhibited 
potent activity compared by AAU and IC50 value. The 
profiles of the scavenging effect of synthesized compounds 
are comparable to that of ascorbic acid as reference 
compound. Introduction of chloro, methoxy, dichloro (at 2, 
4 and 2, 6 positions) group showed almost equivalent 
antioxidant activity as that of ascorbic acid.  
Based on the structure activity relationships, it can be 
concluded that the presence of halogen group and methoxy 
group at position 2nd, 4th and 6th exhibited potent activity.  
 
Figure 4. Comparison of AAU and IC50 value of synthesized 
compounds. 
Conclusion 
A new series of compounds (5A-5J) i.e. pyrimidine 
analogues were synthesized by thiourea and characterized. 
The synthesized compounds screened for their in-vitro 
antioxidant activity and compare by AAU and AAI. All the 
synthesized compounds, 5A, 5D, 5E, 5F showed most 
potent antioxidant activity comparable to the ascorbic acid 
as a standard drug. The concluding of the compound data we 
will proceed for the anticancer activity of potent antioxidant 
compound by SRB assay method. 
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EFFECTS OF DIFFERENT REACTION CONDITIONS ON THE 
SYNTHESIS OF BENZYL ACETATE 
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Effects of different reaction conditions such as different water carrying agents, the amount of water carrying agent, the calcination 
temperature, the calcination time and the amount of catalysts, the reaction time, the molar ratio of acetic acid to benzyl alcohol, the reaction 
temperature, the amount and type of catalyst (tris(trimethylsilylmethyl)tin chloride, S2O82--Fe2O3-CoO, N-methylpyrrolidone hydrosulfate, 
FeCl3(46 %)/carbon, SO42--ZrO2-Nd2O3, strong acid cation exchange resin loaded Fe3+ and the catalyst drying temperature) on the synthesis 
of benzyl acetate from benzyl alcohol and acetic acid are discussed. 
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INTRODUCTION 
Benzyl acetate is a colourless oily liquid. It is naturally 
found in many flowers such as jasmine, ylang-ylang and 
tobira. Its molecular formula, melting point, boiling point, 
relative density (16 °C), refractive index nD20 and flash 
point are C9H10O2, 50 °C, 213 °C, 1.057, 1.5232 and 
102 °C, respectively. Benzyl acetate is hard to dissolve in 
water, but it is completely miscible in organic solvents. 1  
Due to floral fragrance and low price, it is widely used 
in different areas such as soap class essence and other 
industrial essence, etc. 2 Benzyl alcohol with concentrated 
sulphuric acid as a catalyst reacts with acetic acid to 
synthesise benzyl acetate. Concentrated sulphuric acid 
has a lot of disadvantages also except several advantages, 
such as long reaction time, low yield and purity of benzyl 
acetate.  
Large amount of waste water is discharged to cause the 
problem of environmental pollution and equipments are 
seriously corroded at the same time. 3 
The overview of its synthetic methods has just been 
reviewed. 4 In the present paper, usability of different 
catalysts such as tris(trimethylsilylmethyl) tin chloride, 
S2O82- - Fe2O3 – CoO, N-methylpyrrolidone hydrosulfate, 
46% FeCl3/carbon, SO42--ZrO2-Nd2O3 and strong acid 
cation exchange resin loaded Fe3+ have been discussed. 
The effects of different reaction conditions, such as 
different water carrying agents, the amount of water 
carrying agent, the calcination temperature, the 
calcination time, the amount of catalysts, the reaction 
time, the molar ratio of acetic acid to benzyl alcohol, the 
reaction temperature, the amount of Fe3+ loaded and the 
catalyst drying temperature have also been reviewed. 
DISCUSSION 
Effect of different water carrying agents on the yield of 
benzyl acetate by addition of tris(trimethylsilylmethyl)tin 
chloride as the catalyst. 
Chen Fushan5 described the synthesis of 
tris(trimethylsilyl methyl) tin chloride and benzyl acetate 
and studied the effects of different reaction conditions on 
the yield of benzyl acetate using tris(trimethylsilylmethyl) 
tin chloride as the catalyst. The molar ratio of acetic acid 
and benzyl alcohol (2.0 : 1.0) and the weight ratio of 
tris(trimethylsilylmethyl) tin chloride to benzyl alcohol 
(1.0 %) and the reaction time (2.5 hr) were kept constants 
while studying the effects of different water carrying 
agents on the yield of benzyl acetate. Table 1 showed that 
toluene was one of the best water carrying agents. The 
reaction time decreased and the yield of benzyl acetate 
improved because the esterification reaction was a 
reversible reaction and reactive balance was beneficial to 
the esterification reaction with addition of water carrying 
agents. Furthermore, the boiling point of toluene (110 °C) 
was more than that of water (100 °C), so it effectively 
improved the yield of benzyl acetate. 
Table 1. Effects of different water carrying agents on the yield 
of benzyl acetate 
Effect of the amount of water carrying agents on the 
yield of benzyl acetate by addition of tris(trimethyl-
silylmethyl) tin chloride as the catalyst 
Chen Fushan5 described effects of the amount of water 
carrying agents (toluene) on the yield of benzyl acetate 
under the condition. When the molar ratio of acetic acid 
and benzyl alcohol (2.0 : 1.0) and the weight ratio of 
tris(trimethylsilyl methyl) tin chloride to benzyl alcohol 
(1.0 %) and the reaction time (2.5 hr) were kept constants. 
The experimental results presented in Table 2 show that 
Water carrying 
agents 
Cyclohexane Benzene Toluene 
Yield of 
BzOAc, % 
75.3 81.6 87.8 
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the yield of benzyl acetate first increased and then 
decreased with an increase in the amount of toluene. It 
was noticed that the maximum yield of benzyl acetate 
87.8 % was attained when the amount of toluene was 
80 % of benzyl alcohol weight. 
Table 2. The relationship between the amount of toluene and 
the yield of benzyl acetate 
Effect of the calcination temperature on the yield of 
benzyl acetate by addition of S2O82- - Fe2O3 - CoO as 
the catalyst 
Zhang Yingjun6 used S2O82- - Fe2O3 - CoO as the 
catalyst while the molar ratio of acetic acid : benzyl 
alcohol : water carrying (cyclohexane) (2.0 : 3.0 : 0.093) 
and the reaction time (2.5 hr) were kept constants. Effects 
of the calcination temperature, Table 3, indicated that the 
yield of benzyl acetate first increased and then decreased 
with an increase in the calcination temperature. When the 
calcination temperature was lower than 500 °C, it was not 
enough to get rid of water and  (NH4)2S2O8 from this 
reaction system, so S2O82- on the surface of the catalyst 
did not combine with metallic oxides to become a strong 
acid centre. On the other hand, when the calcination 
temperature was higher than 500 °C, (NH4)2S2O8 
decomposed to release SO2. The catalytic activity 
decreased due to loss of S2O82- from the surface of the 
catalyst and the specific surface area decreased. It was 
observed that the maximum yield of benzyl acetate 
reached 94.1 % when the calcination temperature was 
500 °C. 
Table 3. Effects of the calcination temperature on the yield of 
benzyl acetate. 
Effect of the calcination time on the yield of benzyl 
acetate by addition of S2O82--Fe2O3-CoO as the 
catalyst 
Zhang Yingjun6 also studied the effects of the 
calcination time on the yield of benzyl acetate by keeping 
the molar ratio of acetic acid to benzyl alcohol to water 
carrying (cyclohexane) at 2.0:3.0:0.093 and the reaction 
time, 2.5 hr, constant. The experimental results, Table 4, 
show that the yield of benzyl acetate first increased and 
then decreased with an increase in the calcination time. 
The reason is that when the calcination time was less than 
2.5 hr, the catalyst had no time to become the superacid. 
On the other hand, when the calcination time was more 
than 2.5 hr, its catalyst construction may have collapsed 
and its specific surface area had decreased. It was noticed 
that the maximum yield of benzyl acetate was 95.7 % 
when the calcination time was 2.5 hr.  
Table 4. The effect of the calcination time on the yield of 
benzyl acetate 
 
Effect of the added amount of N-methylpyrrolidone 
hydrosulfate as the catalyst on the yield of benzyl 
acetate  
Zhou Beilei7 replaced concentrated sulfuric acid with ionic 
liquids (N-methylpyrrolidone hydrosulfate) as catalysts to 
synthesise benzyl acetate. The reaction time (1 hr), the reaction 
temperature (110 ℃) and the molar ratio of acetic acid to benzyl 
alcohol (1.4 : 1.0) were kept constants. The results, Table 5, 
show that the yield of benzyl acetate increased with increasing 
amount of N-methylpyrrolidone hydrosulfate. When the amount 
of N-methylpyrrolidone hydrosulfate was 5.0 % of benzyl 
alcohol molar, the yield of benzyl acetate was maximum at 
63.8 %. 
Table 5. The effect of the amount of N-methylpyrrolidone 
hydrosulfate on the yield of benzyl acetate 
Molar ratio of N-methylpyrrolidone 
hydrosulfate to benzyl alcohol (%) 
Yields of BzOAc 
(%) 
0.1 53.2 
0.5 60.5 
1.0 62.8 
1.5 63.0 
2.0 63.3 
2.5 63.5 
5.0 63.8 
 
Effect of the reaction time on the yield of benzyl 
acetate by addition of the weight ratio of FeCl3 to 
carbon (46 %) as the catalyst 
Yu Junfeng8 described the synthesis of benzyl acetate and 
studied the effects of different reaction conditions on the yield 
of benzyl acetate using FeCl3/carbon as the catalyst. The molar 
ratio of acetic acid and benzyl alcohol (1.0 : 1.8) and the weight 
ratio of FeCl3/carbon to benzyl alcohol (10.29 %) and the 
reaction time (2.0 hr) were kept constants while studying the 
effects of the reaction time on the yield of benzyl acetate. Table 
6 showed that the yield of benzyl acetate first increased and then 
decreased with an increase in the reaction time. It was observed 
that the maximum yield of benzyl acetate 87.8 % was attained 
when the reaction time was 2 hr.  
Table 6. The effect of the reaction time on the yield of BzOAc 
Weight ratio of toluene 
to benzyl alcohol, % 
40 60 80 100 120 
Yield of  BzOAc, % 65.7 73.5 87.8 85.1 81.9 
Calcination temp., °C 300 400 500 600 
Yield of  BzOAc, % 76.8 88.9 94.1 89.0 
Calcination time, h 1.0 1.5 2.0 2.5 3.0 
Yield of BzOAc, % 70.1 78.9 87.9 95.7 94.3 
Reaction time, h 0.5 1.0 1.5 2.0 2.5 
Yield of  
BzOAc, % 
68.3 77.4 84.2 89.1 88.6 
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Effect of the molar ratio of acetic acid to benzyl 
alcohol on the yield of benzyl acetate by addition of 
SO42--ZrO2-Nd2O3 as the catalyst 
Yang Yiwen9 described the effects of the molar ratio of 
acetic acid to benzyl alcohol on the yield of benzyl 
acetate under the condition when the reaction temperature 
(120 °C) and the weight ratio of SO42- - ZrO2 - Nd2O3 to 
benzyl alcohol (1.0 %) and the reaction time (5.0 hr) were 
kept constants. The experimental results presented in 
Table 7 show that the yield of benzyl acetate first 
increased and then decreased with an increase in the 
molar ratio of acetic acid to benzyl alcohol. It was noticed 
that the maximum yield of benzyl acetate 92.0 % was 
attained when the molar ratio of acetic acid to benzyl 
alcohol was 5.0 : 1.0. 
Table 7. The relationship between the molar ratio of acetic acid 
to benzyl alcohol and the yield of benzyl acetate 
Effects of the reaction temperature on the yield of 
benzyl acetate by addition of SO42- - ZrO2 - Nd2O3 as 
the catalyst 
Yang Yiwen9 used SO42- - ZrO2 - Nd2O3 as a catalyst 
while the molar ratio of acetic acid to benzyl alcohol 
(5.0:1.0), the reaction time (5 hr) and the weight ratio of 
SO42--ZrO2-Nd2O3 to benzyl alcohol (6 %) were kept 
constants. Effects of the reaction temperature on the 
yields of benzyl acetate, Table 8, indicated that the yield 
of benzyl acetate first increased and then decreased with 
an increase in the reaction temperature. It was observed 
that the maximum yield of benzyl acetate reached 86.7 % 
when the reaction temperature was 120 °C. 
Table 8. The effects of the reaction temperature on the yield of 
benzyl acetate 
Effect of the amount of Fe3+ loaded on the yield of 
benzyl acetate by addition of strong acid cation 
exchange resin loaded Fe3+ as the catalyst 
Jiang Hongzhi10 studied effects of the amount of Fe3+ 
loaded on the yield of benzyl acetate by keeping the 
molar ratio of acetic acid to benzyl alcohol (1.0 : 1.0), the 
reaction time (3.3 hr), the reaction temperature (80 °C) 
and the weight ratio of  strong acid cation exchange resin 
loaded Fe3+ to benzyl alcohol constant (10.0 %). The 
experimental results, Table 9, show that the yield of 
benzyl acetate first increased and then decreased with an 
increase in the amount of Fe3+ loaded. It was observed 
that the maximum yield of benzyl acetate 52.52 % was 
attained when the amount of Fe3+ loaded was 0.3656. 
Table 9. The effect of the amount of Fe3+ loaded on the yield of 
benzyl acetate 
Fe3+ amount 
before load-
ing mmol L-1 
Loading 
time, h 
The amount 
of Fe3+ load-
ed, mmol L-1 
Yields of 
BzOAc, % 
13.44 0.083 0.2222 50.57 
22.30 0.083 0.3656 52.52 
23.61 0.083 0.4233 51.70 
52.73 0.083 0.7198 47.55 
78.13 0.083 0.8344 43.53 
150.08 0.083 1.006 43.36 
Effects of the catalyst drying temperature on the yield 
of benzyl acetate by addition of strong acid cation 
exchange resin loaded Fe3+ as the catalyst 
Jiang Hongzhi10 also studied the effects of the catalyst 
drying temperature on the yield of benzyl acetate while 
the molar ratio of acetic acid to benzyl alcohol (1.0:1.0), 
the reaction time (3.3 hr), the reaction temperature 
(80 °C) and the weight ratio of  strong acid cation 
exchange resins loaded Fe3+ to benzyl alcohol (10.0 %) 
were kept constants. Effects of the catalyst drying 
temperature on the yields of benzyl acetate, Table 10, 
indicated that the yield of benzyl acetate first increased 
and then decreased with an increase in the catalyst drying 
temperature. It was observed that the maximum yield of 
benzyl acetate 58.37 % was attained when the catalyst 
drying temperature was 55 °C.  
Table 10. The effect of the catalyst drying temperature on the 
yield of benzyl acetate 
Catalyst drying 
temperature, °C 
45 55 65 75 90 
Yield of 
BzOAc % 
49.36 58.37 51.21 48.12 47.98 
CONCLUSION 
Effects of different reaction conditions such as different 
water carrying agents, the amount of water carrying agent, 
the catalyst calcination temperature, the calcination time 
and the amount of catalysts, the reaction time, the molar 
ratio of acetic acid to benzyl alcohol, the reaction 
temperature, the amount of Fe3+ loaded and the catalyst 
drying temperature, tris(trimethylsilylmethyl) tin chloride, 
S2O82--Fe2O3–CoO, N-methylpyrrolidone hydrosulfate, 
the weight ratio of FeCl3 to carbon (46 %), SO42--ZrO2-
Nd2O3 and strong acid cation exchange resin loaded Fe3+, 
on the synthesis of benzyl acetate from benzyl alcohol 
and acetic acid  were studied, and these are summarised 
as follows: 
(1) The maximum yield was 81.6 % by using 
tris(trimethylsilylmethyl) tin chloride as the 
catalyst and toluene as the water carrying agent. 
AcOH/BzOH 
molar ratio 
1.0 2. 3 4 50 6 
Yield of 
BzOAc, % 
68.9 86.7 87.2 90.1 92.0 90.1 
T, °C  100 110 120 130 140 150 
Yield of 
BzOAc, % 
71.5 83.8 86.7 81.5 86.0 82.8 
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(2) The maximum yield was 87.8 % under the condition 
of toluene/benzyl alcohol weight ratio (80 %). 
(3) The maximum yield was 94.1 % at 500 °C (the 
calcination temperature) when S2O82- - Fe2O3 - 
CoO was used as the catalyst. 
(4) The maximum yield was 95.7 % in 2.5 hr (the 
calcination time) when S2O82--Fe2O3-CoO was the 
catalyst. 
(5) The maximum yield was 63.8 % when N-
methylpyrrolidone hydrosulfate was the catalyst 
and the amount of N-methylpyrrolidone 
hydrosulfate was 5.0 % of molar benzyl alcohol. 
(6) The maximum yield was 87.8 % in 2.0 h when 
FeCl3/carbon was the catalyst. 
(7) The maximum yield was 92.0 % when SO42--ZrO2-
Nd2O3 was the catalyst and the molar ratio of 
acetic acid to benzyl alcohol was 5.0 : 1.0. 
(8) The maximum yield was 86.71 % at 120 °C (the 
reaction temperature) when SO42--ZrO2-Nd2O3 was 
the catalyst. 
(9) The maximum yield was 52.52 % when strong acid 
cation exchange resin loaded Fe3+ was the catalyst 
and the amount of Fe3+ loaded was 0.3656.  
(10) The maximum yield was 58.37 % at 55 °C (the 
catalyst drying temperature) when strong acid 
cation exchange resins loaded Fe3+ was the catalyst. 
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CHEMICAL DESALTING OF SALINE WATER USING 
AMMONIA AND CARBON DIOXIDE: DEVELOPMENTS IN 
PROCESS SYNTHESIS 
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Conveersion of both Na+ and Cl- found in saline water into separable chemical products was achieved by bubbling ammonia through brine 
followed by the chemical reaction with carbon dioxide gas. The products obtained are soda ash (Na2CO3) and ammonium chloride (NH4Cl) 
along with partially desalted water. A development is introduced in the process synthesis to allow for ammonia to be recycled rather than 
consumed, since ammonia plays a key role in this staged chemical reaction sequence. A conceptual flow scheme for the modified process is 
presented along with the production- consumption analysis. A comparison is made between the proposed method and the Solvay process.  
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Introduction 
Innovations in chemistry have a great effect on separation 
and processing in chemical industries. As a matter of fact, 
many important chemical revolutions center about the 
discovery of new reaction paths, such as the one we are 
considering in this paper. 
Taking the case of Solvay process,1 it is the major 
industrial process for the production of soda ash (sodium 
carbonate). The ammonia-soda process was developed into 
its modern form by Ernest Solvay during the 1860s.2 The 
ingredients for this process are readily available and 
inexpensive: salt brine (from inland sources or from the sea) 
and limestone (from mines). A similar approach was 
followed by Abdel-Aal,3 but with different objectives. The 
target is to desalinate highly-saline water resources using 
ammonia and carbon dioxide and to produce at the same 
time, soda ash and other chemicals. Clearly it could be 
stated that while in Solvay process soda ash is the main 
product, it is considered a by-product in the proposed 
process leaving the partially desalted water be the main 
product. 
Main Reactions 
The basic reactions involved could be visualized to take 
place as follows: 
Reaction between CO2 and NH3 can be described as: 
CO2 + 2NH3     NH2COO- + NH4+     (1) 
In the bulk of the solution, the carbamate hydrolyses 
comparatively slowly to bicarbonate: 
NH2COO- + H2O  NH3 + HOCOO-   (2) 
In the presence of NaCl, the following instantaneous 
reaction takes place: 
NH4+ + HCO3- + NaCl  NaHCO3 + NH4Cl   (35) 
This leads to the precipitation of sodium bicarbonate 
leaving ammonium chloride in a partially desalinated 
solution.  
Process Synthesis with Modifications 
Sea oceans are a virtually inexhaustible source of 
magnesium. About one pound of magnesium is recovered 
from each hundred gallon of sea water. Adding ammonia to 
our system will trigger the precipitation of magnesium as 
magnesium hydroxide Mg(OH)2 which is separated as an 
intermediate product, as shown in Figures 1 and 2. This is a 
turning point in our process synthesis that will lead to 
formation of NH3 to be recycled as given by equation (6): 
2NH4Cl+Mg(OH)2 MgCl2+2NH3+2H2O  (4) 
The separation of magnesium chloride as a product adds 
an economic value to the process. 
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Table 1.  Consumption- Production Analysis for the Chemical Desalting Process 
Species 
Reactions Reactants Products 
 NH3 H2O CO2 MgCl2 NaCl NH4OH Mg(OH)2 NaHCO3 Na2CO3 NH4Cl CO2 PDW 
No.1 -4 -4    +4       
No.2    -1  -2 +1   +2   
No.3   -2  -2 -2  +2  +2   
No.4.        -2 +1  +1  
Net -4 -4 -2 -1 -2 0 +1 0 +2 +4   
Reaction-1  4 NH3 + 4H2O 4NH4OH   (use 4 moles of NH3) 
Reaction-2  2NH4OH + Mg(Cl)2  Mg(OH)2 + 2NH4Cl   
Reaction-3  2 NH4OH + 2CO2 + 2NaCl  2NaHCO3 + 2NH4Cl (use 2 moles of NH4OH) 
Reaction-4  2NaHCO3   Na2CO3 + CO2 + H2O 
 
Consumption-Production Analysis 
The process involves the following reactions:- 
NH3 + H2O   NH4OH       (5) 
2NH4OH + MgCl2      Mg(OH)2 + 2NH4Cl   (6) 
NH4OH + CO2 + NaCl  NaHCO3 + NH4Cl  (7) 
2NaHCO3   Na2CO3 + CO2 + H2O   (8) 
The consumption-production analysis is figured out as 
indicated in Table 1. 
For process synthesis, material balance flow rates of the 
raw materials in and the products out could be readily 
calculated using any convenient basis for the flow rate input 
of saline brine containing 25-30 % sodium chloride as a 
saturated solution.  
It should be noted that the number of moles of H2O shown 
above are provided by the saline water upon admitting the 
ammonia gas into it. For CO2 gas, it is recommended to use 2 
moles as given in equation (3) above. Partially desalted water 
PDW is obtained as a product, after separating the soda ash 
and magnesium chloride. 
Comparison between the Solvay Process and the 
Proposed Process 
This comparison is done along a set of important operating 
parameters as given in Table 2. 
Important Notes: 
For Solvay process, metallurgical coke burns lime stone, 
CaCO3 to give : CaO +CO2. Quick lime, CaO is slacked by 
water: CaO + H2O  Ca(OH)2   
For the proposed process, the source of CO2 is the 
combustion of fossil fuels in power generation and water 
desalination plants. 
Figure 2. Modified Process Synthesis 
Discussions and Conclusions 
The proposed process offers a scheme that provides three products 
as compared to one product only by the Solvay process. Magnesium 
chloride is an important product for the manufacture of magnesium 
metal.  
Table 2. The Solvay Process versus The Proposed Process 
Parameters Solvay Proposed 
Raw 
Material 
Salt brine  
(rock salt) 
Lime stone 
Metallurgical coke 
NH3 (recycle) 
Salt rine/desalination 
brine 
CO2 
NH3 (recycle) 
Reactions 
for NH3 
regeneration 
2NH4Cl+ Ca(OH)2  
2NH3 + CaCl2+ 2H2O 
2NH3 + Mg(OH)2  
MgCl2 + 2NH3 + 
2H2O 
Products Soda ash Soda ash 
MgCl2 
Partially desalted 
water (PDW) 
 
CO2      
Start with SEA WATER 
NH4OH  
Saturated Brine 
Separation 
Mg(OH)2 
Separation 
Ammoniated Brine 
NH4Cl 
Soda Ash  
Product 
MgCl2 
Product 
Partially Desalinated  
Water (Product) 
NaHCO3 & 
NH4Cl 
Plus Partially  
Desalted Water 
NH4OH 
Recycle 
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As a matter of fact, one can claim that the proposed process 
could compete with the well-known Dow process,4 Fertilizer 
Manual5 for the extraction of magnesium chloride from sea 
water. 
The process synthesis suggested in this paper focuses on 
the use of ammonia as a recycle reagent. An excess of say 5-
10% ammonia should be considered as a makeup to 
compensate for losses. Regeneration of ammonia is 
accomplished in the absence of Ca(OH)2 used in the  Solvay 
process as indicated in the above comparison. 
The option of producing fertile water or PDW (partially 
desalted water) containing NH4Cl, to be used for agriculture 
purposes, still exists. Salt content in this water is reduced 
from initial brine concentration of 25% to about 7%. 
Although the salt content of the irrigation water affect the 
crop production6, the produced ammonium chloride could be 
used as a fertilizer, so this question requires further 
investigations. Ammonium chloride  is an excellent fertilizer 
used in the Far East for rice crops, and is recommended  as an 
extremely good  source of both N and Cl- for coconut, oil 
palm, and kiwifruit.4 
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CORROSION INHIBITION BY TRYPTOPHAN- Zn2+ SYSTEM 
FOR CARBON STEEL IN SEA WATER 
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The inhibitive effect of Tryptophan- Zn2+ system in controlling the corrosion of carbon steel in sea water was investigated by weight loss 
method. Results of weight loss method indicated inhibition efficiency increased with increasing the inhibitor concentration. The corrosion 
inhibition was observed due to the formation of more stable and compact protective film on the metal surface. The surface morphology of 
the protective film on the metal surface was analyzed by FTIR and AFM analysis. 
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INTRODUCTION 
The corrosion process in deep seawaters occurs under 
very specific conditions and is characterized mainly by low 
temperature, high chloride contents, low oxygen content, the 
presence of CO2 and H2S, microorganisms and high contents 
of dissolved salts.1-4 Seawater systems are used by many 
industries such as shipping, offshore oil and gas production, 
power plants and coastal industrial plants. The main use of 
seawater is for cooling purposes but it is also used for fire 
fighting, oil field water injection and for desalination plants. 
Tryptophan is a non-toxic, relatively cheap amino acid 
that is easy to produce in purity greater than 99%.Amino 
acids are nontoxic, relatively cheap, and easy to produce 
with purities greater than 99%. Recently, with respect to 
amino acid as corrosion inhibitor, many achievements have 
been gained in laboratory studies.5-10 Furthermore, as 
environmental and non-phosphorus corrosion and scale 
inhibitors, poly (aspartic acid) and poly (epoxy succinic 
acid), which are the amino acid derivatives, have been 
widely used in industrial recirculating cooling water systems, 
showing an excellent performances.11, 12 
Tryptophan is a derivative of indole ring. Based on the 
analysis of molecule structure of tryptophan Figure 1, it has 
the potential to become an excellent corrosion inhibitor. 
Ashassi-Sorkhabi et al.13 reported that compared with the 
other amino acids, including alanine, leucine, valine, proline, 
and methionine, tryptophan exhibited the best inhibition 
efficiency toward the corrosion of aluminum in 1 M HCl + 1 
M H2SO4, which was attributed to the excess nitrogen atoms 
in molecule structure and the relatively large molecule 
volume. 
Molecular structure of tryptophan is shown in scheme 1. 
Space filling model of tryptophan is shown in scheme 2. 
 
 
 
 
Scheme 1. Tryptophan or (2S)-2-amino-3-(1H-indol-3-
yl)propanoic acid 
 
 
 
 
 
 
Scheme 2. Space filling model of tryptophan 
 
The present work is under taken to evaluate the inhibition 
efficiency of tryptophan- Zn2+ system in controlling 
corrosion of carbon steel immersed in the absence and 
presence of Zn2+ by weight loss method and to analyse the 
protective film by FTIR and AFM method. 
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MATERIALS AND METHODS 
Preparation of specimen 
Carbon steel specimens [0.0267 % S, 0.06 % P, 0.4 % Mn, 
0.1 % C and the rest iron] of dimensions 1.0 cm x 4.0 cm x 
0.2 cm were polished to a mirror finish and degreased with 
trichloroethylene. 
Weight-loss method 
Carbon steel specimens in triplicate were immersed in  
100 mL of the sea water (Table 1) containing various 
concentrations of the inhibitor in the presence and absence 
of Zn2+ for one day. The weight of the specimens before and 
after immersion was determined using a Shimadzu balance, 
model AY62. The corrosion products were cleansed with 
Clarke’s solution.14 The inhibition efficiency (IE) was then 
calculated using the equation: 
where  
W1  corrosion rate in the absence of the inhibitor, 
W2  corrosion rate in the presence of the inhibitor. 
Corrosion rate (CR, in mm year-1) was calculated using 
the formula. 
 where  
W  weight loss in milligram 
D   density of specimen g cm-3  
A   area of specimen in square cm 
T   exposure time in hours  
Surface examination study 
The carbon steel specimens were immersed in various test 
solutions for a period of 1 day. After 1 day, the specimens 
were taken out and dried. The nature of the film formed on 
the surface of the metal specimen was analyzed by surface 
analysis techniques. 
FTIR spectra 
The film formed on the metal surface was carefully 
removed and mixed thoroughly with KBr. The FTIR spectra 
were recorded in a perkin elmer 1600 spectrophotometer. 
Atomic Force Microscopy characterization (AFM) 
The carbon steel specimen immersed in blank and in the 
inhibitor solution for a period of one day was removed, 
rinsed with double distilled water, dried and subjected to the 
surface examination. Atomic force microscopy (Veeco 
Dinnova model) was used to observe the samples’ surface in 
tapping mode, using cantilever with linear tips. The 
scanning area in the images was 5 μm × 5 μm and the scan 
rate was 0.6 Hz s-1. 
RESULTS AND DISCUSSION  
Analysis of Weight loss Study  
The corrosion inhibition efficiencies of tryptophan-Zn2+ 
systems are given in the Table 2. 
Table 1. Physicochemical parameters of sea water (Ramnad, Tamil 
Nadu, India) 
Parameters Results 
Total dissolved solid mg L-1 50787  ppm 
Electrical conductivity 74687 S cm-1 
pH 8.14 
Total hardness as CaCO3 11500  ppm 
Calcium 1400  ppm 
Magnesium 1920  ppm 
Chloride 25750  ppm 
Sulphate 1033  ppm 
The calculated corrosion inhibition efficiency (IE) and 
corrosion rate (CR) of tryptophan in controlling corrosion of 
carbon steel in sea water, for a period of one day in absence 
and presence of zinc ion are given in Table 2. 
It is observed from the Table 2 the calculated value 
indicates the ability of Tryp to be a good inhibitor. The IE is 
found to be enhanced in the presence of Zn2+ ion. tryp alone 
shows some inhibition efficiency. For example 250 ppm of 
tryptophan shows 48% of IE. The concentration of 
tryptophan increases, the IE also increases. Similarly for a 
given concentration of tryptophan, the IE increases as the 
concentration of Zn2+ increases. A synergistic effect exists 
between tryp and Zn2+. For example, 20 ppm of Zn2+ has 41 
percent of IE; 250 ppm of tryptophan has 48 percent IE. 
Interestingly their combination has High IE, namely, 
79 %.15-17  
Therefore the mixture of inhibitors shows better IE than 
individual inhibitors. In the presence of Zn2+, more amount 
of tryp is transported towards the metal surface. Fe2+-tryp 
complex is formed on the anodic sites of the metal surface. 
Thus the anodic reaction is   
Fe --- Fe2+ + 2e- 
controlled. The cathodic reaction is the generation of OH-  
O2 + 2H2O + 4e-  4OH-  
which is controlled by the formation of Zn(OH)2 on the 
cathodic sites of the metal surface. Thus the anodic reaction 
and cathodic reaction are controlled effectively. This 
accounts for the synergistic effect existing between Zn2+ and 
tryptophan.18, 19 
Synergism parameter 
2100 1 (1)
1
W
IE
W
 
 
  
 
87.6 (2)
W
CR
DAT

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Synergism parameters (SI) have been used to known the 
synergistic effect existing between two inhibitors. SI value is 
found to be greater than one suggesting that the existence of 
synergistic effect between the inhibitors. 20, 21 
In Table 3 synergism parameters were calculated using the 
relation 
 
 
 
where  
1+2 is equal with (1+2) - (12) 
1  is the surface coverage of inhibitor (tryp) 
2     is the surface coverage of inhibitor (Zn2+) 
’1+2 is the combined surface coverage of inhibitors 
(tryptophan) and (Zn2+) 
The surface coverage is: 
 
  
 
From the Table 3 it can be seen that the values of SI 
greater than unity, suggesting that the phenomenon of 
synergism existing between tryp- Zn2+ .  
Table 2. Inhibition efficiencies (IE) and corrosion rates (CR) 
obtained from tryp - Zn2+ systems, when the carbon steel immersed 
in sea water. Inhibitor system: - tryptophan- Zn2+ 
Table 3. Synergism parameter (SI) for carbon steel immersed in 
Sea water in the absence and presence of inhibitors.  
Tryp 
(ppm) 
θ1 θ2  (Zn2+- 20 ppm) θ’1+2 SI 
50 0.02 0.41 0.43 1.0143 
100 0.10 0.41 0.43 0.9315 
150 0.26 0.41 0.66 1.6029 
200 0.28 0.41 0.66 1.2471 
250 0.48 0.41 0.79 1.4609 
Analysis of FTIR Spectra 
FTIR spectrometer is a power instrument that is used to 
determine the formation of bonds for organic inhibitors 
adsorbed on the metal surface. FTIR spectra have been used 
to analyze the protective film formed on metal surface. The 
structure of tryptophan is shown in scheme 1. The space 
filling model of tryptophan is shown in scheme 2. FTIR 
spectrum of pure tryp is given in (Figure 1.) The CN 
stretching frequency appears at 1237 cm-1. The C=O 
stretching frequency of carboxyl group appears at 1661 cm-1. 
The NH stretching frequency appears at 3402 cm-1.The 
aromatic ring appears at 1410 cm-1. 
The FTIR spectrum of the film formed on the metal 
surface after immersion in the sea water for 1 day containing 
250 ppm of tryp and 20 ppm of Zn2+ is shown in (Fig 2.) 
The CN stretching frequency has shifted from 1237 to 1229 
cm-1. The C=O stretching frequency shifted from 1661 to 
1637 cm-1. The NH stretching frequency shifted from 3402 
to 3429 cm-1. This indicates that the nitrogen atom of Tryp 
has coordinated with Fe2+ formed on the metal surface 
resulting in the formation of Fe2+- Tryp complex on the 
anodic sites of the metal surface. The peak at 1366 cm-1 is 
due to Zn-O stretching. The stretching frequency due to –
OH appears at 3033 cm-1. Thus FITR study leads to the 
conclusion that the protective film consist of Fe2+-tryp 
complex and Zn (OH)2 on the metal surface.22- 26 
 
Atomic Force Microscopy Characterization 
Atomic force microscopy (AFM) or scanning force 
microscopy (SFM) is a very high-resolution type of 
scanning probe microscopy, with demonstrated resolution 
Tryptophan  
(ppm) 
Zn2+ ( 0 ppm) Zn2+  (20  ppm) 
IE % CR   mm y-1 IE% CR, mm y-1 
0 - 0.1809 41 0.1067 
50 2 0.1773 43 0.1031 
100 10 0.1628 53 0.0796 
150 26 0.1339 66 0.0615 
200 28 0.1302 66 0.0615 
250 48 0.0941 79 0.0379 
1
1 2 (3)I '
1
1 2
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Figure 1. FTIR spectrum of pure tryptophan 
 
Figure 2. Film formed on metal surface after immersion in 
the solution containing sea water + tryptophan (250 ppm) + 
Zn2+ (20 ppm) 
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on the order of fractions of a nanometer, more than 1000 
times better than the optical diffraction limit.  
The three dimensional (3D) AFM morphologies and the 
AFM cross-sectional profile for polished carbon steel 
surface (reference sample), carbon steel surface immersed in 
sea water (blank sample) and carbon steel surface immersed 
in sea water containing the formulation of 250 ppm of 
tryptophan and 20 ppm of Zn2+ are shown as Fig. 3a and 3d, 
Fig. 3b and 3e and   Fig. 3c and 3f respectively. 
Root–mean-square roughness, average roughness and 
peak-to-valley value AFM image analysis was performed to 
obtain the average roughness, Ra (the average deviation of 
all points roughness profile from a mean line over the 
evaluation length), root-mean-square roughness, Rq (the 
average of the measured height deviations taken within the 
evaluation length and measured from the mean line) and the 
maximum peak-to-valley (P-V) height values (largest single 
peak-to-valley height in five adjoining sampling heights). 
Table 4.is a summary of Rq, Ra, and P-V value for carbon 
steel surface immersed in different environment. 
Fig. 3a and 3d displays the surface topography of un-
corroded metal surface. The value of Rq, Ra and P-V height 
for the polished carbon steel surface (reference sample) are 
4.3 nm, 3.41 nm and 35.28 nm respectively. The slight 
roughness observed on the polished carbon steel surface is 
due to atmospheric corrosion. Fig. 3b and 3e displays the 
corroded metal surface with few pits in the absence of the 
inhibitor immersed in sea water. The Rq, Ra and P-V height 
values for the carbon steel surface are 40.2 nm, 31.0 nm and 
191.9 nm respectively. These data suggests that carbon steel 
surface immersed in sea water has a greater surface 
roughness than the polished metal surface, which shows that 
the unprotected carbon steel surface is rougher and was due 
to the corrosion of the carbon steel in sea water environment. 
Fig. 3c and 3f displays the steel surface after immersion in 
sea water containing 250 ppm of tryp and 20 ppm of Zn2+. 
The Rq, Ra and P-V height values for the carbon steel surface 
are 25.8 nm, 19.7 nm and 71.53 nm respectively The Rq, Ra 
and P-V height values are considerably less in the inhibited 
environment compared to the uninhibited environment. 
These parameters confirm that the surface is smoother. The 
smoothness of the surface is due to the formation of a 
compact protective film of Fe2+-tryptophan complex and                   
Zn(OH)2 on the metal surface thereby inhibiting the 
corrosion of carbon steel.27-30  
Mechanism of Corrosion inhibition 
The results of the weight-loss study show that the 
formulation consisting of 250 ppm of tryptophan and 20 
ppm of Zn2+ has 79% IE in controlling corrosion of carbon 
steel in sea water. A synergistic effect exists between Zn2+ 
     
               a         b        c 
Figure 3. Three dimensional AFM images of the surface of: a) As polished carbon steel (control); b) carbon steel immersed 
in sea water (blank); c) carbon steel immersed in sea water containing tryp (250  ppm) + Zn2+ (20 ppm) 
 
  
 e        f        g 
Figure 3. AFM cross-sectional images of the surface of: d) As polished carbon steel (control); e) carbon steel immersed in sea water (blank); 
f) carbon steel immersed in sea water containing tryp  (250 ppm) + Zn2+ (20 ppm). 
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and Tryp. FTIR spectra reveal that the protective film 
consists of Fe2+–Tryp complex and Zn(OH)2. In order to 
explain these facts the following mechanism of corrosion 
inhibition is proposed.  
Table 4. AFM data for carbon steel surface immersed in inhibited 
and uninhibited environment. 
When the solution containing sea water, 20 ppm Zn2+ and 
250 ppm of tryp is prepared, there is formation of Zn2+–Tryp 
complex in solution. 
When carbon steel is immersed in this solution, the Zn2+-
Tryp complex diffuses from the bulk of the solution towards 
metal surface. 
Zn2+- tryp complex diffuses from the bulk solution to the 
surface of the metal and is converted into a Fe2+-Tryp 
complex, which is more stable than Zn2+- tryp.   
On the metal surface Zn2+-Tryp complex is converted in to 
Fe2+-Tryp on the anodic sites. Zn2+ is released 
Zn2+ - tryp + Fe2+ →Fe2+ - tryp + Zn2+ 
The released Zn2+ combines with OH- to form Zn(OH)2 on 
the cathodic sites 
Zn2+ + 2OH- → Zn(OH)2 ↓ 
Thus the protective film consists of Fe2+-Tryp complex 
and Zn (OH)2. The FTIR and AFM images confirm the 
formation of protective layer on the metal surface. 
CONCLUSIONS 
The present study leads to the following conclusions.  
The formulation consisting of 250 ppm tryp and 20 ppm 
Zn2+ has 79% inhibition efficiency to carbon steel immersed 
in sea water. 
FTIR spectra reveal that the protective film consists of 
tryp- Fe2+ complex. 
The AFM analysis reveals that the protective film is 
formed on the metal surface. 
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Carbon steel 
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sea water 
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40.2 
 
31.0 191.9 
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UNUSUAL SPONTANEOUS  →  ISOMERIZATION OF 
UNSYMMETRICAL BENZOINS 
Andrey Alexandrovich Anishchenko [a], Vasiliy Georgievich Shtamburg [b], Victor 
Vasilievich Shtamburg [c], Alexander Vladimirovich Mazepa [d]    
 
Keywords: benzoins, arylglyoxals, isomerization 
α-Mixed aryl(furyl)benzoins  undergo spontaneous thermal isomerization to β-isomers in the absence of a base. It is facilitated by two 
structural features viz. the presence of a para-halogen substituent in the aryl moiety and of a Me2NN=CH-substituent at 5-position of the 
furan ring. 
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Introduction 
Earlier we had reported that phenylglyoxal reacted with 
2-R-furanes (R= CH= NNMe2 or Me) selectively 
yielding unsymmetrical α-benzoins, such as 2-furyl-1-
arylethan-1-ones 1,1-4 which cannot be synthesized by the 
usual way. There are two kinds of isomeric benzoins, α-
benzoins and β-benzoins.5 -Benzoins are the lower-
melting, less stable isomers, whereas β-benzoins are the 
higher-melting, more stable isomers.5 The higher stability 
of β-benzoins is explained by the possibility of 
conjugation between the electron donor and the electron 
acceptor substituents via the aryl or heteroaryl ring. For 
example, anisbenzoin is α-benzoin and benzanisoin is β-
benzoin.5  
 
 
 
Scheme 1. 
In the presence of a base α-benzoins are known to 
isomerize[5] to more stable β-benzoins, in which electron 
donor substituent of aryl moiety can conjugated with 
carbonyl group. It was found that α-benzoins 1 isomerized 
to 2-aryl-1-furylethan-1-ones 2 (β-benzoins) by the action 
of triethylamine [2-4] (Scheme 2). This isomerization may 
occur via the formation of the common anion A. 
Scheme 2. 
α-Benzoins 1 was synthesized by the interaction of 
phenylglyoxal with suitable furans.2-4 But the reaction of 
these furans with other arylglyoxals has not been studied. 
Experimental 
1H NMR spectra were recorded on a Varian VXP-300 
spectrometer (300 MHz, internal standard – Me4Si, 
chemical shifts in δ-scale (ppm), coupling constants in 
Hz). Mass spectra were recorded on a VG-70EQ 770 
mass spectrometer in FAB mode (FAB). 
2-Hydroxy-2-(2''-N,N-dimethylhydrazonyl-5''-furyl)-
1-(2'-thienyl)ethanone-1 (3a). A solution of N,N-
dimethylhydrazone of 2-furanecarbaldehyde (10.0 mmol, 
1.38 g) in benzene (4 ml) was added to the 2-
thienylglyoxal (10,0 mmol, 1.40 g) solution in PhH (14 
ml), the reaction mixture was kept at 20 0С for 35 h, the 
precipitate was then filtered off and washed by benzene 
(4 ml), dried in vacuo, yielding 2.11 g (75.9 %) of 2-
hydroxy-2-(2''-N,N-dimethylhydrazonyl-5''-furyl)-1-(2'-
thienyl)ethanone-1 3a, yellow crystals, m.p. 119 – 1200С. 
1Н NMR (300 MHz, (CD3)2CO): 2.83 (s, 6H, NMe2), 
4.98 (d, 1H, CHOH,3J = 6.6 Hz), 5.92 (d, 1H, CHOH, 3J 
= 6.6 Hz), 6.31 (d, 1H, HFur3, 3J = 3.3 Hz), 6.47 (d, 1H, 
HFur4, 3J = 3.3 Hz), 7.01 (s, 1H, CH=N), 7.16 (t, 1H, HTh4, 
3J = 5.1 Hz),7.90 (d, 1H, HTh5, 3J = 5.1 Hz), 7.91 (d, 1H, 
HTh3, 3J = 3.4 Hz). 1Н NMR (300 MHz, (CD3)2SO): 2.86 
(s, 6H, NMe2), 5.90 (d, 1H, CHOH,3J = 6.0 Hz), 6.26 (d, 
1H, CHOH, 3J = 6.0 Hz), 6.39 (d, 1H,HFur3, 3J = 3.0Hz), 
6.49 (d, 1H, HFur4, 3J = 3.0 Hz), 7.10 (s, 1H, CH=N), 7.23 
(t, 1H, HTh4, 3J = 4.2 Hz), 8.02 (d, 1H, HTh3, 3J = 3.0 Hz), 
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8.031 (d, 1H, HTh5, 3J = 4.2 Hz). IR (, сm-1): 3430 (OH), 
1690 (C=O), 1578 (C=N). MS (EI, m/z, Irel., %): 279 
[M+H]+ (0.58 ), 278, M+, (5.76), 277 [M-H]+ (3.8), 276 
(22.2), 167 (21.7), 166 (13.6), 165 (100), 151 (51.6), 111 
(94.1). MS (FAB, m/z, Irel., %): 279 [M+H]+ (42), 278, 
M+, (52), 261 [M+H-H2O]+ (30), 167 (100), 111 (21). 
Found (%): C 56.25, H 5.17, N 9.98. Calc. for 
C13H14N2O3S (%): C 56.10, H 5.07, N 10.06. 
2-Hydroxy-2-(5''-methyl-2''-furyl)-1-(2'-thienyl)-
ethanone-1 (3b). The solution of 2-thienylglyoxal (10.0 
mmol, 1.40 g) and 2-methylfurane (27.77 mmol, 2.28 g) 
in PhH (9 ml) was kept in sealed tube at 18-20 0С for 44 
days, the precipitate was then filtered off and washed by 
CH2Cl2, yielding 1.65 g (74.0 %) of 2-hydroxy-2-(5''-
methyl-2''-furyl)-1-(2'-thienyl)ethanone-1 3b, colourless 
crystals, m.p. 141-142 0С. 1Н NMR (300 MHz, CDCl3): 
2.24 (s, 3H, Me), 4.26 (br.s., 1H, CHOH), 5.75 c (1H, 
CHOH), 5.94 (d, 1H, HFur4, 3J = 3.3 Hz), 6.31 (d, 1H, 
HFur3, 3J = 3.3 Hz), 7.1 (t, 1H, HTh4, 3J = 4.3 Hz), 7.67 (d, 
1H, HTh3, 3J = 4.3 Hz), 7.71 (d, 1H, HTh5, 3J = 3.4 Hz). 
MS (FAB, m/z, Irel., %): 223 [M+H]+ (6), 205 [M+H-
H2O]+ (90), 111 (100). MS (FAB, Na+, m/z, Irel., %): 245 
[M+Na]+ (100), 205 [M+H-H2O]+ (11), 111 (29). Found 
(%): C 59.52, H 4.41. Calc. for C11H10O3S (%): C 59.44, 
H 4.53. 
2-Hydroxy-1-(4’’-methoxyphenyl)-2-(5’-N,N-di-
methylhydrazonylfuryl-2’)-ethanone-1 (4). A solution 
of N,N-dimethylhydrazone of 2-furanecarbaldehyde 
(1.712 mmol, 0.236 g) in PhH (2 ml) was added to a 
solution of 4-methoxyphenylglyoxal (1.8043 mmol, 
0.2962 g) in PhH (3 ml) at -30˚С. The reaction  mixture 
was kept at 20˚С for 11 days, and then filtered. The 
filtrate was evaporated in vacuo 30 Torr. The residue was 
washed by hexane (5 ml), dried in vacuo 7 Torr, yielding 
0.444 g (85.7%) of 2-hydroxy-1-(4’’-methoxyphenyl)-2-
(5’-N,N-dimethylhydrazonylfuryl-2’)-ethanon-1 4, yellow 
crystals, m.p. 79-81 ˚С. 1Н NMR (300 MHz, СDCl3): 
2.94 (s, 6H, Me2N), 3.886 (s, 3H, OMe), 5.98 (s, 1H, CH), 
6.25 (d, 1H, HFur3, 3J = 3.3 Hz), 6.33 (d, 1H, HFur4, 3J = 
3.3 Hz), 6.89 (d, 2H, HC6H43,5, 3J = 9.0 Hz), 7.01 (s 1H, 
CH=N), 7.96 (d, 2H, HC6H42,6, 3J = 9.0 Hz). MS (FAB, 
m/z, Irel., %): 302 M+ (35), 285 [M+H-H2O]+ (24), 167 
(100), 135 (56). Found (%): C 63.64, H 6.28, N 9.31. 
Calc. for C16H18N2O4 (%): C 63.57, H 6.00, N 9.27. The 
process of synthesis of 2-Hydroxy-1-(4’’-diphenyl)-2-
(5’-N,N-dimethylhydrazonylfuryl-2’)-ethanone-1 (5) 
was similar to that of compound 4, yield 90%, yellow 
crystals, m.p. 108 – 109 ˚С (PhH). 1Н NMR (300 MHz, 
СDCl3): 2.95 (s, 6H, NMe2), 6.07 (s, 1H, CH), 6.31 (d, 
1H, HFur3, 3J = 3.3 Hz), 6.35 (d, 1H, HFur4, 3J = 3.3 Hz), 
7.03 (s, 1H, CH=N), 7.36 (s, 1Н, ОН), 7.43 (t, 1H, HPh4’, 
3J = 6.6 Hz), 7.47 (t, 2H, HPh3’,5’, 3J = 6.6 Hz), 7.60 (d, 2H, 
HPh2’,6’, 3J = 6.6 Hz), 7.65 (d, 2H, HC6H43,5, 3J = 8.4 Hz), 
8.05 (d, 2H, HC6H42,6, 3J = 8.4 Hz). MS (FAB, H+, m/z, 
Iотн., %): 349 [M+H]+ (36), 348 M+ (40), 331 [M+H-
H2O]+ (29), 181 PhC6H4C(O)+ (29), 167 (100). Found 
(%): C 72.35, H 6.08, N 8.31. Calc. for C21H20N2O3 (%): 
C 72.40, H 5.79, N 8.04. 
2-Hydroxy-2-(4’’-chlorophenyl)-1-(5’-N,N-dimethyl-
hydrazonylfuryl-2’)-ethanone-1 (6). A solution of N,N-
dimethylhydrazone of 2-furanecarbaldehyde (31.59 mmol, 
4.365 g) in PhH (5 ml) was added to a solution of 4-
chlorophenylglyoxal (38.53 mmol, 6.500 g) in PhH (20 
ml). The reaction mixture was kept at 20С for 4 days, the  
precipitate was then filtered off, washed by PhH (7 ml), i-
PrOH (15 ml), dried in vacuo, yielding 5.90 g (60.9 %) of 
2-hydroxy-2-(4’’-chlorophenyl)-1-(5’-N,N-dimethylhyd-
razonofuryl-2’)-ethanone-1 6, red crystals, m.p. 150-151 
С (i-PrOH). 1Н NMR (300 MHz, (СD3)2SO): 3.00 (s, 6H, 
NMe2), 5.72 (d, 1H, CHOH, 3J = 5,1 Hz), 6.18 (d, 1H, 
CHOH, 3J = 5.1 Hz), 6.56 (d, 1H, HFur4, 3J = 3.9 Hz), 7.10 
(s, 1H, CH=N), 7.39 (d, 2H, HC6H43,5, 3J = 8.4 Hz), 7.49 (d, 
2H, HC6H42,6,, 3J = 8.4 Hz), 7.68 (d, 1H, HFur3, 3J = 3.9 Hz). 
IR (, cm-1): 3415 (OH); 1635 (C=O); 1555 (C=N). MS 
(EI, m/z, Irel., %): 308 M+(0,5); 306 M+, [M-H2]+ (4.9), 
304 [M-H2]+(7.1), 166 (12.2), 165 (100), 143 (0.5), 141 
(14.8), 139 (40.6), 113 (70.0), 111 (20.4), 109 (20.4). 
Found (%): C 58.84, H 4.72, N 9.02. Calc. for 
C15H15ClN2O3 (%): C 58.73, H 4.93, N 9.13. 
2-Hydroxy-2-(4’’-bromophenyl)-1-(5’-N,N-dimeth-
ylhydrazonylfuryl-2’)-ethanon-1 (7). A solution of N,N-
dimethylhydrazone of 2-furanecarbaldehyde (2.70 mmol, 
0.373 g) in PhH (2 ml) was added to a solution of 4-
bromophenylglyoxal (2.70 mmol, 0,580 g) in PhH (20 
ml). The reaction mixture was kept at 20С for 4 days, 
and then evaporated in vacuo. The residue was dissolved 
in CH2Cl2 and precipitated by an addition of hexane 
(10ml). The precipitate was filtered off and dried, 
yielding 0.51 g (54,0 %) of 2-hydroxy-2-(4’’-
bromophenyl)-1-(5’-N,N-dimethylhydrazonylfuryl-2’)-
ethanone-1 7, brown crystals, m.p. 127 – 129С (with 
decomp.). 1Н NMR (300 Hz, СDCl3): 3.08 (s, 6H, NMe2), 
5.79 (br. S, 1H, CHOH), 6.92 (br. s, 1H, CHOH,), 6.46 (d, 
1H, H4Fur, 3J = 3.9 Hz), 7.20 (d, 1H, H3Fur, 3J = 3.9 Hz), 
7.32 (s, 1H, CH=N), 7.35 (d, 2H, H3,5C6H4r, 3J = 8,4 Hz), 
7,45 (d, 2H, H2,6C6H4,, 3J = 8.4 Hz). MS (EI, m/z, Iотн., %): 
351 M+(28); 186 Br-C6H4C+H(OH) (30); 165 
Me2NN=CH-C4H2O-C+=O (100). Found (%): C 51.02, H 
4.64, N 8.17. Calc. for C15H15BrN2O3 (%): C 51.30; H 
4.31; N 7.98. 
The filtrate was evaporated in vacuo yielding 0.20 g 
(22.0 %) of 2-(4’’-bromophenyl)-1-(5’-N,N-dimethyl-
hydrazonylfuryl-2’)-ethandione-1,2 8 , red-brown solid. 
1Н NMR (300 МHz, СDCl3): 3.00 (s, 6H, NMe2), 6.60 (d. 
1H, H4Fur, 3J = 3.6 Hz), 7.06 (s, 1H, CH=N), 7.48 (d, 1H, 
H3Fur, 3J = 3.6 Hz), 7.74 (d, 2H, H3,5C6H4, 3J = 8.7 Hz), 
7.81 (d, 2H, H2,6C6H4,, 3J = 8.7 Hz). MS (FAB, H+, m/z, 
Irel., %): 350 [M+H]+ (7.8), 348 [M-H]+ (8.3), 165 (100).  
2-Hydroxy-2-(5’-methylfuryl-2’)-1-(4’’-chlorophe-
nyl)-ethanone-1 (9) A solution of 4-chlorophenylglyoxal 
(1.174 mmol, 0.198 g) and 2-methylfuran (4.215 mmol, 
0.346 g) in CH2Cl2 (9 ml) in a sealed tube was kept at 20 
– 23 °С in dark for 120 h, then the reaction mixture was 
concentrated in vacuo 30 Torr to 1 ml volume and hexane  
(5  ml) was added. After keeping at 5°С for 4 days,  the 
precipitate was filtered off and dried yielding 0.269 g 
(91.0 %) of 2-hydroxy-2-(5’-methylfuryl-2’)-1-(4’’-
chlorophenyl)ethanone-1 9, yellow crystals, m.p. 86 – 88 
˚С (hexane). 1Н NMR (300 MHz, CDCl3): 2.22 (s, 3Н, 
Me), 4.31 (d, 1H, CHOH, 3J = 6.0 Hz), 5.90 (d and br. s, 
2H, HFur4 and OH, 3J = 3.0 Hz), 6.21 (d, 1H, HFur3, 3J = 
3.0 Hz), 7.41 (d, 2Н, HC6H43,5, 3J = 8.1 Hz), 7.90 (d, 2Н, 
HC6H42,6, 3J = 8.1 Hz). IR (υ, cm-1): 3437 (OH), 1695 
(C=O). MS (FAB, K+, m/z, Irel.,%): 291 [M+K]+ (20), 289 
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[M+K]+ (49), 235 [M+H-H2O]+ (45), 233 [M+H-H2O]+ 
(100), 141 [ClC6H4C(O)+] (14), 139 [ClC6H4C(O)+] (38). 
Found (%): С 62.10, Н 4.55. Calc. for C13H11ClO3 (%): С 
62.29, Н 4.42.  
2-Hydroxy-2-(5’-methylfuryl-2’)-1-(4’’-bromophe-
nyl)ethanone-1 (10) was synthesized in a manner similar 
to that for compound 9, yield 63 %, yellow crystals, m.p. 
69 – 70 ˚С (CH2Cl2 - hexane). 1Н NMR (300 MHz, 
CDCl3): 2.22 (s, 3Н, Me), 4.30 (br. s, 1H, CHOH), 5.90 
(br. s, 2H, HFur4 and OH), 6.21 (d, 1H, HFur3, 3J = 3.0 Hz), 
7.58 (d, 2Н, HC6H43,5, 3J = 8.7 Hz), 7.82 (d, 2Н, HC6H42,6, 
3J = 8.7 Hz). IR (υ, cm-1): 3440 (OH), 1700 (C=O). MS 
(FAB, H+, m/z(Irel.,%): 297 [M+H]+ (2), 295 [M+H]+ (6), 
293 [M-H]+ (4), 279 [M+H-H2O]+ (84), 277 [M+H-H2O]+ 
(82), 111 Me-C4H3O-CH+(OH) (100). MS (FAB, K+, 
m/z(Irel.,%): 335 [M+K]+ (50), 333 [M+K]+ (60), 279 
[M+H-H2O]+ (31), 277 [M+H-H2O]+ (28), 111 Me-
C4H3O-CH+(OH) (58), 39 K+(100). Found (%): С 53.08, 
Н 3.82. Calc. For C13H11BrO3 (%): С 52.91, Н 3.76.  
2-Hydroxy-2-(5’-methylfuryl-2’)-1-(4’’-fluorophe-
nyl)ethanone-1 (11) was synthesized in a manner similar 
to that for compound 9, yield 84%, yellow crystals, m.p. 
90 – 92 ˚С (CH2Cl2 – hexane). 1Н NMR (300 MHz, 
CDCl3): 2.22 (s, 3Н, Me), 4.34 (br. s, 1H, CHOH), 5.91 
(br. s, 2H, HFur4 and ОН), 6.21 (d, 1H, HFur3, 3J = 3.0 Hz), 
7.11 (dd, 2Н, HC6H43,5, 3J = 8.4 Hz, H-FJ = 8.4 Hz), 8.00 
(dd, 2Н, HC6H42,6, 3J = 8.4 Hz, H-FJ = 8.4 Hz). IR (υ, cm-1): 
3440 (OH), 1698 (C=O). MS (EI, m/z (Irel.,%)): 123 
[FC6H4C(O)+] (100). MS (FAB, K+, m/z(Irel.,%): 273 
[M+K]+ (16), 217 [M+H-H2O]+ (100), 123 [FC6H4C(O)+] 
(53). Found (%): С 66.31, Н 4.93. Calc for C13H11FO3 
(%): С 66.66, Н 4.73. 
2-Hydroxy-1-(4’’-chlorophenyl)-2-(5’-N,N-dimeth-
ylhydrazonylfuril-2’)-ethanon-1 (12). N,N-
Dimethylhydrazone of 2-furanecarbaldehyde (3.90 mmol, 
0.539 g) was added to a cooled (-200С) solution of 4-
chlrophenylglyoxal (3.90 mmol, 0.650 g) in Et2O (20 ml). 
The reaction mixture was kept for a week at -200С, and 
then evaporated in vacuo. The residue was washed by 
hexane and dried in vacuo 2 Torr, yielding 0.74 g (62 %) 
of 2-hydroxy-1-(4’’-chlorophenyl)-2-(5’-N,N-dimethyl-
hydrazonofuryl-2’)ethanon-1 12, yellow viscous oil. 1Н 
NMR (300 MHz, (СD3)2SO): 2.85 (s, 6H, NMe2), 6.13 
(br. s, 2H, CHOH), 6.35 (d, 1H, HFur3, 3J = 3.3 Hz), 6.42 
(d, 1H, HFur4, 3J = 3.3 Hz), 7.07 (s, 1H, CH=N), 7.58 (d, 
2H, HAr3,5, 3J = 8.1 Hz), 8.01 (d, 2H, HAr2,6,, 3J = 8.1 Hz). 
1Н NMR (300 MHz, СDCl3): 2.96 (s, 6H, NMe2), 6.01 (s, 
1H, CH); 6.29 (d, 1H, HFur3, 3J = 3.3 Hz), 6.34 (d, 1H, 
HFur4, 3J = 3.3 Hz), 7.01 (s, 1H, CH=N), 7.15 (br. s, 1H, 
OH), 7.42 (d, 2H, HC6H43,5, 3J = 8.7 Hz), 7.93 (d, 2H, 
HC6H42,6, 3J = 8.7 Hz). MS (FAB, m/z, Iотн., %): 309 
[M+H]+ (5), 307 [M+H]+ (16),  291 [M+H-H2O]+ (6), 289 
[M+H-H2O]+ (20), 167 Me2NN=CH-C4H2O-CH+(OH) 
(100), 141 Cl-C6H4-C+=O (13), 139 Cl-C6H4-C+=O (33). 
Found (%): C 58.91, H 4.70, N 9.11. Calc. for 
C15H15ClN2O3 (%): C 58.73, H 4.93, N 9.13. 
2-Hydroxy-1-(4’’-bromophenyl)-2-(5’-N,N-dimeth-
ylhydrazonylfuril-2’)-ethanone-1 (13). N,N-
Dimethylhydrazone of 2-furanecarbaldehyde (2.30 mmol, 
0.318 g) was added  to the a solution of 4-
bromophenylglyoxal (2.30 mmol, 0.480 g) in Et2O (20 
ml) at -200С, the reaction mixture was kept at -200С for a 
week, and then evaporated in vacuo 1 Torr at 100C. The 
residue was washed by hexane and dried in vacuo 1 Torr, 
yielding 0.72 g (86 %) of 2-hydroxy-1-(4’’-
bromophenyl)-2-(5’-N,N-dimethylhydrazonylfuril-2’)-
ethanone-1 13, dark brown viscous oil. 1Н NMR (300 
MHz, СDCl3): 2.96 (s, 6H, NMe2), 6.00 (s, 1H, CH), 6.29 
(d, 1H, HFur3, 3J = 3.3 Hz), 6.34 (d, 1H, HFur4, 3J = 3.3 Hz), 
7.00 (s, 1H, CH=N), 7.58 (d, 2H, C6H43,5, 3J = 8.7 Hz), 
7.84 (d, 2H, HC6H42,6, 3J = 8.7 Hz). MS (FAB, m/z, 
Irel., %): 353 [M+H]+ (21), 352 M+ (23), 351 [M+H]+ (28), 
350 M+ (24),  335 [M+H-H2O]+ (23), 333 [M+H-H2O]+ 
(23), 167 Me2NN=CH-C4H2O-CH+(OH) (100). 185 Br-
C6H4-C+=O (30). 183 Br-C6H4-C+=O (30). Found (%): C 
52.01, H 4.55, N 7.82. Calc. for C15H15BrN2O3 (%): C 
51.30, H 4.31, N 7.98. 
2-Hydroxy-1-(4’’-fluorophenyl)-2-(5’-N,N-dimethyl-
hydrazonylfuril-2’)-ethanone-1 (14).  
(i) A solution of N,N-dimethylhydrazone of 2-
furancarbaldehyde (1.404 mmol, 0.194 g) and 4-
fluorophenylglyoxal (1.615 mmol, 0.245 g) in PhH (12 
ml) under argon was kept in a sealed tube at 40˚С for 9h 
and at 24˚С for 80 h, and then evaporated in vacuo to a 
volume of 3 ml and hexane (10 ml) was added. The 
separated oil  was extracted by CCl4 (10 ml), the extract 
was evaporated in vacuo 2 Torr, yielding 0.302 g (74.3%) 
2-hydroxy-1-(4’’-fluorophenyl)-2-(5’-N,N-dimethylhyd-
razonylfuril-2’)-ethanone-1 14, red semi-solid substance. 
1Н NMR (300 MHz, CDCl3): 2.94 (s, 6H, NMe2), 6.00 (s, 
1H, CHOH), 6.28 (d, 1H, HFur3, 3J = 3.6 Hz), 6.33 (d, 1H, 
HFur4, 3J = 3.6 Hz), 7,00 (s, 1H, CH=N), 7.15 (dd, 2H, 
HC6H42,6, 3J = 8.7 Hz, J = 8.7 Hz), 8.01 (dd, 2H, HC6H43,5, 
3J = 8.7 Гц, F-HJ = 5.25 Hz). MS (EI, m/z, Irel.(%)): 290 
M+ (24), 167 Me2N-N+CH-C4H2O-C+H(OH) (83), 123 
FC6H4C(O)+ (100). MS (FAB, H+, m/z, Irel.(%)): 291 
[M+H]+ (39), 290 M+(38), 273 [M+H-H2O]+ (35), 167 
Me2N-N+CH-C4H2O-C+H(OH) (100), 123 F-C6H4-C+=O 
(54). Found (%): C 62.11, H 4.80, N 9.72. Calc. for 
C15H15FN2O3 (%): C 62.06, H 5.21, N 9.65.  
From the hexane phase, 0.066 g (16.1%) 1-(5’-N,N-
dimethylhydrazonylfuril-2’)-2-(4’’-fluorophenyl)-ethan-
dione-1,2 15 was isolated by crystallization as black-red 
solid. 1Н NMR (300 MHz, СDCl3): 3.12 (s, 6H, NMe2), 
6.63 (d, 1H, H4Fur, 3J = 3.9 Hz), 7.03 (s, 1H, CH=N), 7.18 
(dd, 2H, HC6H42,6, 3J = 8.7 Hz, F-HJ = 8.55 Hz), 7.40 (d, 1H, 
H3Fur, 3J = 3.9 Hz), 8.12 (dd, 2H, HC6H43,5, 3J = 8.7 Hz, F-
HJ = 5.55 Hz). MS (EI, m/z, Irel.(%)): 288 M+ (27); 165 
Me2NN=CH-C4H2O-C+=O (100), 123 FC6H4C(O)+ (25).  
Found (%): N 9.70. Calc. for C15H13FN2O3 (%):N 9.72. 
(ii) N,N-Dimethylhydrazone of 2-furancarbaldehyde 
(0.800 mmol, 0.110 g) was added to a solution of 4-
fluorophenylglyoxal (0.800 mmol, 0.121 g) in Et2O (20 
ml) at -20˚С, the reaction mixture was kept at -20˚С for 4 
days and then evaporated  in vacuo 3 Torr, yielding 0.190 
g (81.8%) 2-hydroxy-1-(4’’-fluorophenyl)-2-(5’-N,N-
dimethylhydrazonylfuril-2’)-ethanone-1 14, identified by 
1Н NMR.  
(iii) A solution of N,N-dimethylhydrazone of 2-
furancarbaldehyde (1.615 mmol) and 4-
fluorophenylglyoxal (1.717 mmol) in PhH (10 ml) was 
kept at 20˚С in a sealed tube for  7 days and then 
evaporated in vacuo. The residue was washed by hexane 
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and dried in vacuo, yielding 0.464 g (99%) of 2-hydroxy-
1-(4’’-fluorophenyl)-2-(5’-N,N-dimethylhydrazonylfuril-
2’)-ethanone-1 14, identified by 1Н NMR.  
2-Hydroxy-2-(4’’-fluorophenyl)-1-(5’-N,N-dimeth-
ylhydrazonylfuryl-2’)-ethanone-1 (16). A sample of 2-
hydroxy-1-(4’’-fluorophenyl)-2-(5’-5’-N,N-dimethylhyd-
razonylfuryl-2’-)-ethanone-1 14 was kept at 10°С in dark 
for 4 months. A quantitative isomerization took place to 
2-hydroxy-2-(4’’-fluorophenyl)-1-(5’-N,N-dimethylhyd-
razonylfuryl-2’)-ethanon-1 16, red solid, m.p. 117-120˚С 
(with decomp.). 1Н NMR (300 MHz, CDCl3): 3.08 (s, 6H, 
NMe2), 5.73 (s, 1H, CH), 6.47 (d, 1H, HFur4, 3J = 3.9 Hz), 
6.93 (s, 1H, CH=N), 7.02 (dd, 2H, HAr2,6, 3J = 8.7 Hz, J = 
8.7 Hz), 7.19 (d, 1H, HFur3, 3J = 3.9 Hz), 7.42 (dd, 2H, 
HAr3,5, 3J = 8.7 Hz, F-HJ = 5.25 Hz). IR (, cm-1): 1640 
(C=O), 1600 (C=N). MS (EI, m/z, Irel.(%)): 290 M+ (10); 
166 Me2NN=CH-C4H2O-CH=O+. (81), 124 
FC6H4CH(=O)+. (100). MS (FAB, H+, m/z, Irel.(%)): 289 
[M+H]+ (58), 245 (38), 165 (76), 154 (100), 136 (80), 123 
(53). Found (%): C 62.25, H 5.42. Calc. for C15H15FN2O3 
(%): C 62.06, H 5.21. 
Results and Discussion  
By the investigating the reaction of arylglyoxal with the 
2-R-furanes, we have established that the 4-R’-
phenylglyoxales (R’=OMe, Ph,) and 2-thienylglyoxal 
react in similar manner with N,N-dimethylhydrazone of 
2-furancarbaldehyde and 2-methylfurane yielding α-
benzoins, such as 2-furyl-1-arylethan-1-ones 3-5, at room 
temperature (Scheme 3). 
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However, it was found that 4-chlorophenylglyoxal and 
4-bromophenylglyoxal react with N,N-dimethylhydrazone 
of 2-furancarbaldehyde yielding β-benzoins, such as 2-
aryl-1-furylethan-1-ones 6,7 if this reaction carries out at 
room temperature (18 - 28°C) in dichloromethane or 
benzene solution. This reaction also yielded some 1,2-
diketone 8 in the last case. Under the similar conditions 4-
X-phenylglyoxals (X=Cl, Br, F) react with 2-methylfuran 
yielding only α-benzoins, 2-furyl-1-arylethan-1-ones 9-11 
(Scheme 4).  
This unusual formation of 2-aryl-1-furylethan-1-ones 
6,7 from 4-chloro- and 4-bromophenylglyoxals must have 
arisen from the formation of α-benzoins, 2-furyl-1-
arylethan-1-ones 12,13, in the first stage. IN the second 
stage, α-benzoins 12, 13 spontaneously isomerize into β-
benzoins 6, 7 at room temperature (Scheme 5). 
O
CH=NNMe
2
O
O
CH=NNMe
2
O
H
H
R'
p-R'-C
6
H
4
C(O)C(O)H
R'= Cl (6,9), Br (7,10), F(11)
6,7
 9-11
O
Me
p-R'-C
6
H
4
C(O)C(O)H
R'
O
O
Me
H
O
H
+
8
Br
O
O
CH=NNMe
2
O
 
Scheme 4 
 
O
CH=NNMe
2
H
O
O
CH=NNMe
2
R'
O
H
p-R'-C
6
H
4
C(O)C(O)H
R'= Cl (6,12), Br (7,13)
6,7
 12,13
R'
O
O
CH=NNMe
2
O
H
H
r.t.
-20  C
o
Scheme 5. 
 
Actually, it was found that at -23 - -20°C, 4-chloro- and 
4-bromophenylglyoxals react with N,N-
dimethylhydrazone of 2-furancarbaldehyde selectively 
yielding unstable 2-furyl-1-arylethan-1-ones 12,13, which 
spontaneously isomerize in 2-aryl-1-furylethan-1-ones 6,7 
at room temperature. The unstable α-benzoins 12,13 had 
been characterized by 1H NMR  and MS spectra. 
4-Fluorophenylglyoxal reacts with N,N-
dimethylhydrazone of 2-furancarbaldehyde at 20-400C 
range yielding mainly α-benzoin 14 (Scheme 6). At 400C 
some 1,2-diketone 15 is also formed. 
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Table 1. The characteristic 1H NMR chemical shifts of α-benzoins 3a,4,5,12-14 and β-benzoins 6,7,16 in CDCl3 
Compound Resonance, σ, ppm 
Number X in 4-X-C6H4 HFurane C6H4 Me2N 
H3Fur H4Fur Н3,5 Н2,6   
α-3a* 2-thienyl 6.31 6.47 - - 2.83  
α-3a** 2-thienyl 6.39 6.49 - - 2.86  
α-4 OMe 6.27 6.35 6.91 7.98 2.96  
α-5 Ph 6.31 6.35 7.65 8.05 2.95 
α-12** Cl 6.35 6.42 7.58 8.01 2.85 
α-12 Cl 6.29 6.34 7.42 7.93 2.96 
α-13 Br 6.29 6.34 7.58 7.84 2.96 
α-14 F 6.28 6.33 7.15 8.01 2.94 
β-6** Cl 6.56 7.68 7.39 7.49 3.00 
β-7 Br 6.46 7.20 7.35 7.45 3.08 
β-16 F 6.47 7.19 7.42  7.02 3.08 
*) in (CD3)2CO, **) in (CD3)2SO 
Mixed α-benzoin 14 is more stable than mixed α-
benzoins 12,13 and can exist for 1-2 months at 20°C. 
However, after that period α-benzoin 14 spontaneously 
isomerizes to β-benzoin 16 in solid state as well as in 
solution. On storing at 5-6°C for 4–5 months,  α-benzoin 
14 isomerizes into β-benzoin 16. 
On the other hand, α-benzoins 1a, 3a,b, 4,5 and 9-11 
remained unchanged after storing at 5°C for  more than 
five years. 
The structures of the compounds 3-16 were confirmed 
by data of 1H NMR spectrometry and MS data. 1H NMR 
spectra of α-benzoins 3a,4,5,12-14 and β-benzoins 6,7,16 
are given in the Table 1. 
 
Scheme 7 (EI) 
 
For β-benzoins 6,7,16 the differences of chemical shifts 
of H4- and H3 furan protons are substantial more, 0.72-
1.12 ppm, whereas that for α-benzoins 3a,4,5,12-14, is 
0.04-0.16 ppm. That is caused by the possibility of the 
conjugation of Me2N-moiety with carbonyl group in β-
benzoins. In α-benzoins this possibility is absent. The 
other consequence of this conjugation is some low field 
shift of the resonance of Me2N-group protons for β-
benzoins 6,7,16. 
 
 
Scheme 8 (FAB) 
 
Conversely, the difference of the chemical shifts of H2,6 
and 3,5H of para-substituted benzene ring for α-benzoins 
4,5,12-14 is substantially more, 0.40-1.07 ppm (but for α-
benzoin 13 – only 0.26 ppm), whereas that for β-benzoins 
6,7 is only 0.10 ppm (excluding β-benzoin 16 – 0.40 
ppm). This phenomenon is caused by the possibility of 
the conjugation of para-substituent with carbonyl group 
in α-benzoins. In β-benzoins this possibility is absent. 
 
Scheme 9 (EI) 
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Mass spectra may also differentiate between α- and β-
benzoins as was shown ealier for α-benzoin 1a and β-
benzoin 1b[2]. For α-benzoins, in mass spectra the furan 
“benzylic’ ions with m/z 167 and and para-substituted 
aroyl cations dominate (Scheme 7,8,9). Similar 
fragmentation was observed for unsubstituted α-benzoin 
1a.2 
On the other hand, MS spectrum of β-benzoin 6 is 
dominated by the furoyl cation with m/z 165 (Scheme 10). 
Similar fragmentation was observed for unsubstituted β-
benzoin 1b [2]. 
 
Scheme 10. (EI) 
 
Only one case of the α→β benzoin isomerization by 
heating has been reported earlier[6].  Anisbenzoin 
isomerizes to benzanisoin by heating the former above its 
melting point (890C) or by distillation in vacuum[6]. But 
the spontaneous α→β benzoin isomerization at the room 
temperature was not reported. 
Therefore, it may be supposed that this spontaneous 
α→β benzoins rearrangement of these mixed 
aryl(furyl)benzoins is caused by two reasons. First, the 
presence of a para-halogen substituent in the aryl moiety 
and secondly the presence of Me2NN=CH-substituent at 
5-position of furan ring. This spontaneous α→β benzoins 
rearrangement takes place in the absence of bases. The 
Me2N-group of β-benzoins 6,7,16 cannot been regarded 
as base center because it presence in α-benzoins 1a, 3a,b, 
4,5 and 9-11 does not cause  their spontaneous α→β 
rearrangement. 
 
 
 
 
An alternative mechanism for the spontaneous α→β 
benzoins isomerisation of α-benzoins which does not 
involve the formation of the intermediate anion A is 
depicted in Scheme 11. 
Probably, intramolecular hydroxyl group protonation of 
the oxygen atom of carbonyl  group increases the electron 
density on σ*C-H orbital. The H-atom becomes 
intramolecular nucleophilic center. The latter causes the 
synchronous 1,2-hydride shift as nucleophilic attack on 
carbonyl group finally yielding β-benzoins 6,7,16. 
 
Scheme 11.  
Thus, the new kind of α→β benzon isomerization was 
found. It is independent of base catalyst and takes place at 
temperature growth from -20°C to room temperature. 
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CHEMICAL STUDY FOR SECONDARY METABOLITES IN 
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To study the secondary metabolites in Polygonum Strindbergii Schust. in Bull. Herb. Boiss. ser. in Yunnan province of China, the ground 
roots were extracted with IL (ionic liquid) aqueous solution, then partitioned by organic solvents and isolated by column chromatography 
repeatedly. Eight compounds were obtained and their structures were identified by spectral methods, which were found from the plant for the 
first time. Moreover, the key conditions of ILs application were investigated, which are wished to be helpful for related researchers. The 
plant is supposed to be further utilized and developed as a meaningful natural resource in the genus. 
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Introduction 
Because of the existence of various meaningful secondary 
metabolites in natural resources, systematic chemical 
research for them, discovery of bioactive constituents and 
the relationship between chemistry and biodiversity are 
always attractive tasks for chemists in related fields. 
Polygonum Strindbergii Schust. in Bull. Herb. Boiss. ser. 
(abbreviated as ‘PSS’ in the following content) is a 
relatively rare perennial herb distributed in the southwest 
regions of China, which mainly include Yunnan, Guizhou 
and Tibet areas (see Fig.1). It is usually found in brae, forest, 
valley at an altitude of over 2000~3000 meters.1 Although 
many plants of Polygonaceae have been studied, there is no 
report about the secondary metabolites in PSS up to now.  
 
Figure 1. The plant of PSS and its distribution in China 
Ionic liquids (ILs), also known as molten salts, are 
composed of organic cations and inorganic or organic 
anions in liquid status near room temperature. In recent 
years, ILs have attracted extensive attention in modern 
chemistry and have been successfully applied in extraction 
process as green solvents,2-4 which have great application 
potential for natural products with a wide range of polarity. 
So it is much anticipated for the combination of green 
chemistry and natural product chemistry in daily laboratory 
work. 
In order to explore symbolic secondary metabolites in this 
rare plant, the present paper introduced the isolation and 
structural elucidation of eight compounds for the first time. 
Moreover, ILs are applied in the study and the key 
conditions were investigated, which are wished to be 
meaningful and helpful for related researchers.  
Materials and Methods  
Instruments and reagents  
The melting point was measured with an XRC-1 
microscope melting-point apparatus and was not corrected. 
IR (KBr-discs) spectra were recorded by Thermo-Nicolet 
AVATAR 360-FTIR spectrometer. NMR spectra were 
recorded at 300K on Bruker ACF-500 NMR instrument (1H: 
300 MHz, 13C: 125 MHz), with TMS as internal standard. 
Mass spectra were obtained on MS Agilent 1100 Series with 
LC/MSD Trap Mass spectrometer. HPLC analysis was 
performed with an LC-20AT pump, an SPD-M20A PDA 
detector (Shimadzu, Kyoto, Japan), a Waters symmetry C18 
column, 5 μm, 3.9×150 mm i.d. (Waters, Massachusetts, 
USA), and an HCT-360 LC column cooler/heater (Hengao 
Tech & Dev, Tianjin, China). A Class-VP workstation 
(Shimadzu, Kyoto, Japan) was used for data acquisition. 
Silica gel H (200-300 mesh, Ocean Chemical Co. Ltd, 
Qingdao, China) and Sephadex LH-20 (Pharmacia) were 
used for column chromatography. Other reagents were of 
analytical purity. 
Secondary Metabolites in Polygonum Strindbergii Schust.         Section C-Research Paper 
Eur. Chem. Bull. 2013, 2(6), 367-370    DOI: 10.17628/ecb.2013.2.367-370 368 
Plant material 
The roots of PSS were purchased from Yunnan Province, 
China, and the roots were dried, ground and controlled in 
0.45~0.90 mm by passed through a stainless steel sieve. 
Synthesis of ILs 
Seven kinds of 1-alkyl-3-methylimidazolium ILs 
([C4MIM][BF4], [C4MIM][CH3SO3], [C4MIM][Br], 
[C4MIM][PF6], [C4MIM][Cl], [HMIM][BF4] and 
[C2MIM][BF4]) were synthesized according to the literature 
procedures.5-9 All ILs were dried for 4 h under vacuum at 
90oC and stored in closed desiccators before use. The purity 
of ILs was determined by HPLC and their purities were 
greater than 97%. 
Extraction and isolation 
The ground roots (5 kg) of PSS were extracted with 0.6 M 
IL aqueous solution (5 L × 1 h × 3) under reflux. After 
removal of the residue by filtration and appropriate 
concentration, the extracting solution was partitioned with 
the equal volume of petroleum ether and ethyl acetate for 3 
times successively. The ethyl acetate soluble portion (535 g) 
was fractionated by a silica gel column (200~300 mesh), 
which was eluted with CHCl3/MeOH (100:10→100:30) to 
give ten fractions (fractions 1~10); each fraction was further 
subjected to repeated column chromatography with 
petroleum ether/ethyl acetate or petroleum ether/acetone 
(9:1→3:7) as eluents. Then subfractions were further 
purified by Sephadex LH-20 column and recrystallization to 
obtain eight pure compounds. The whole process is shown 
in Fig. 2. 
The structure of ILs has significant influence on their 
physicochemical properties and their distinct multiple 
interactions with target constituents, which could greatly 
affect the extraction efficiency of active substances.10 
 
      
Figure 2. Extraction and separation process of PSS roots 
Results and Discussion 
Selection of IL-based extraction phase  
Therefore the effect of the structure of ILs on the 
extraction efficiency should be investigated. In the 
following study, the extraction efficiency of 7 kinds of ILs 
aqueous solution (0.4 M) was compared with each other and 
95% ethanol (as shown Fig.3, the extraction efficiency is 
expressed as the relative values of the yield of crude extracts 
and the maximum value is taken to be 100% among them). 
The yield of crude extracts (%) is the percentage of dry 
weight of crude extracts divided by the weight of roots. 
 
Figure 3. Effect of ILs structure on extraction efficiency 
From Fig.3, it is found the extraction efficiency of anion 
in ILs was decreases as [BF4]- > [PF6]- > [Br]- > [CH3SO3]- > 
[Br]-, meanwhile the extraction efficiency of cation in ILs 
was decreases as [C4MIM]+ > [C2MIM]+ > [HMIM]+. The 
latter result accords with the order of hydrophobicity of the 
three cations. But the former should be the result 
of joint action from solubility and polarity. 95% ethanol is 
usually used as conventional extraction solvent and its 
performance is also good. Considering the above results, 
[C4MIM][BF4] was selected as the extraction phase in this 
work. 
Effect of ILs concentration 
The high viscosity of ionic liquids is a limiting factor for 
mass transfer in extraction process, and it has been proved 
that IL concentration has significant influence on the 
extraction performance of target constituents. Therefore, the 
concentration of IL on the yield of crude extracts was 
studied and the result was shown in Fig.4. It can been seen 
that the extraction efficiency is gradually improved with the 
increase of [C4MIM][BF4] concentration in the range from 
0.2 to 0.6 M, and at the end the curve tends to be flat. 
However, if the molar concentration is above 0.6, higher 
viscosity would result in poorer diffusivity and mass transfer 
capacity, so the yield of crude extracts declines at some 
extent. Considering the above results, 0.6 M of 
[C4MIM][BF4] aqueous solution was selected in the 
following experiments.  
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Figure 4. Effect of ILs concentration on extraction efficiency 
Structure identification 
Compound I was isolated as a yellowish crystal 
(methanol) with the molecular formula of C15H10O6, as 
determined from data of the negative EI-MS showing ion 
peaks at m/z 285 [M-H]-. Mp.276-278 oC, both the reaction 
of HCl-Mg and ferric chloride were positive. IR (KBr) υ 
(cm-1): 3411, 1660, 1608, 1506. 1H-NMR (300 MHz, 
DMSO-d6) δppm: 12.4 (1H, s), 10.1 (1H, brs), 7.44 (2H, d, 
J=8.2 Hz), 6.9 (2H, d, J=8.2 Hz), 6.43 (1H, d, J=1.8 Hz), 
6.28 (1H, d, J=1.8 Hz). Compared with the relative spectral 
data of the literature,11 the structure of I was determined to 
be kaempferol (robigenin). 
Compound II was obtained as a yellow crystal (methanol) 
with the molecular formula of C15H10O7, as determined from 
data of the positive ESI-MS showing ion peaks at m/z 
303[M+H]+. Mp.313-314 oC, both the reaction of HCl-
Mg and ferric chloride were positive. IR (KBr) υ (cm-1): 
3405, 1644, 1602, 1500. 1H-NMR (300 MHz, CD3OD) 
δppm: 6.19 (1H, d, J = 1.6 Hz), 6.41 (1H, d, J = 1.6 Hz), 
7.68 (1H, s), 7.52 (1H, d, J = 8.5 Hz), 6.89 (1H, d, J = 8.5 
Hz). Compared with the relative spectral data of the 
literature,12 the structure of II was determined to be 
quercetin (meletin). 
Compound III was obtained as amorphous yellow powder 
with the molecular formula of C27H36O16, as determined 
from data of the negative ESI-MS showing ion peaks at m/z 
609 [M-H]-, 463 [M-H-Rha]-, 301 [M-H-Rha-Glc]-. Mp.218-
220 oC, both the reaction of HCl-Mg and molish were 
positive. UV λmax (nm): 259, 359; IR (KBr) υ (cm-1): 3421, 
1654, 1603, 1505, 1452. 1H-NMR (300 MHz, DMSO-d6) 
δppm: 12.51(1H, s), 7.51 (2H, m), 6.81 (1H, d, J = 8.1 Hz), 
5.33 (1H, d, J = 6.6 Hz), 4.38(1H, s), 3.06-3.79 (m), 0.99 
(3H, d, J = 6.0 Hz). Compared with the relative spectral data 
of the literature,13 the structure of III was determined to be 
rutin (Vitamin P). 
Compound IV was isolated as orange-red needle crystal 
(methanol) with the molecular formula of C15H10O4, as 
determined from data of the negative ESI-MS showing ion 
peaks at m/z 255 [M-H]-. Mp.195-197 oC, and Borntrager 
reaction was positive. IR (KBr) υ (cm-1): 3411, 1680, 1630; 
1H-NMR (300 MHz, CD3OD) δppm: 7.87 (1H, d, J = 7.2 
Hz), 7.69 (1H, dd, J = 7.2 and 8.4 Hz), 7.64 (1H, s), 7.32 
(1H, d, J = 8.4 Hz), 7.13 (1H, s), 2.50 (3H, s). Compared 
with the relative spectral data of the literature,14 the structure 
of IV was determined to be chrysophanol (chrysophanic 
acid). 
Compound V was isolated as a orange-red needle crystal 
(methanol) with the molecular formula of C15H10O5, as 
determined from data of the negative ESI-MS showing ion 
peaks at m/z 269 [M-H]-. Mp.233-234 oC, and Borntrager 
reaction was positive. IR (KBr) υ (cm-1): 3390, 1678, 1625. 
1H-NMR (300 MHz, CD3OD) δppm: 7.64 (1H, s), 7.30 (1H, 
d, J = 2.4 Hz), 7.09 (1H, s), 6.70 (1H, d, J= 2.4 Hz), 2.45 
(3H, s). Compared with the relative spectral data of the 
literature,15 the structure of V was determined to be emodin. 
Compound VI was obtained as orange-yellow needle 
crystal (methanol) with the molecular formula of C16H12O5, 
as determined from data of the negative ESI-MS showing 
ion peaks at m/z 283 ([M-H]-. Mp.196-197 oC, and 
Borntrager reaction was positive. IR (KBr) υ (cm-1): 3432, 
1683, 1624. 1H-NMR (300 MHz, DMSO-d6) δppm: 12.25 
(1H, s), 12.12 (1H, s), 7.61 (1H, d, J =2.4 Hz), 7.35 (1H, d, 
J=1.2 Hz), 7.07 (1H, d, J=2.4 Hz), 7.68 (1H, d, J=1.2 Hz), 
2.47 (3H, s), 3.94 (3H, s). Compared with the relative 
spectral data of the literature,15 the structure of VI was 
determined to be physcion (rheochrysidin). 
Compound VII was obtained as white powder with the 
molecular formula of C30H48O3, as determined from data of 
the negative ESI-MS showing ion peaks at m/z 455 [M-H]-. 
Mp.304-306 oC, and Liebermann-Burchard reaction 
was positive. IR (KBr) υ (cm-1): 3540, 2946, 2883, 1699. 1H-
NMR (300MHz, MeOD) δppm: 0.74 (3H, s), 0.79 (3H, s), 
0.86 (3H, s), 0.94 (3H×2, s), 0.99 (3H, s), 1.13 (3H, s), 2.28 
(1H, br t, J=14.0Hz), 2.89 (1H, dd, J=4.4, 14.0Hz)，3.15 
(1H, dd, J=4.3, 10.5Hz), 5.24 (1H, t, J=3.5Hz). 13C-NMR 
(125MHz, MeOD) δppm: 39.3, 28.3, 77.6, 37.1, 55.6, 18.7, 
33.5, 41.2, 47.8, 39.6, 24.1, 125.3, 138.9, 42.4, 30.9, 23.6, 
47.6, 53.2, 39.1, 39.6, 29.6, 37.3, 29.0, 16.7, 15.9, 17.7, 24.6, 
179.0, 17.6, 21.7. Compared with the relative spectral data 
of the literature,16 the structure of VII was determined to be 
ursolic acid. 
Compound VIII was obtained as yellowish powder with 
the molecular formula of C9H8O4, as determined from data 
of the negative ESI-MS showing ion peaks at m/z 179 [M-
H]-. Mp.196-197 oC, and FeCl3-K3［Fe（CN）6］reaction 
was positive. UV λmax (nm): 215, 326; IR (KBr) υ (cm-1): 
3432, 1683, 1624. 1H-NMR (300 MHz, CD3OD) δppm: 7.52 
(1H, d, J=15.9Hz), 7.02 (1H, d, J=2.1Hz), 6.93 (1H, dd, 
J=8.2 and 2.1Hz), 6.77 (1H, d, J=8.2Hz), 6.20 (1H, d, 
J=15.9Hz). Compared with the relative spectral data of the 
literature,17 the structure of VIII was determined to be 
caffeic acid. 
Conclusions 
As major symbolic secondary metabolites, kaempferol 
(robigenin), quercetin (meletin), rutin (Vitamin P), 
chrysophanol (chrysophanic acid), emodin, physcion 
(rheochrysidin), ursolic acid, caffeic acid were isolated from 
Polygonum Strindbergii Schust. in Bull. Herb. Boiss. ser. for 
the first time. Moreover, 0.6 M of [C4MIM][BF4] aqueous 
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solution has been successfully applied in extraction process 
as green solvents, and the effects of ILs structure and molar 
concentration were investigated. The plant was supposed to 
be further utilized and developed as a meaningful natural 
resource in the genus, and above results and methods are 
hoped to be helpful for related chemists.  
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SYNTHESIS AND REARRANGEMENT OF 1,2-DIPHENYL-2-
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Condensation of benzoin with para-substituted anilines, (X = H, Me, Cl) gave 1,2-diphenyl-2-(arylimino)ethanol derivatives (I), which 
were thermally stable up to 130 ◦C, but rearranged to 1,2-diphenyl-2-(arylimino)ethanol derivatives (II), under catalyzed effect of 
phenylhydrazine, para-substituted aniline and triethylamine. The products were characterized by IR- and NMR- spectral analysis. 
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Introduction 
Many aldehyde and ketones contains -hydrogen react 
with primary amines to form Schiff bases (imine) which are 
in equilibrium with its en-amine tautumer.1-3 
Reducing sugars like aldoses and ketoses are -hydroxy 
aldehydes and ketones containing an -hydrogen and react 
with free amino-group of amino acids, peptides and protein 
in what is known as "Maillarad reaction".4,5 It is complicated 
reaction, well described by Hodge,6,7 with initial formation  
of an unstable Schiff base (imine) of an open chain aldose or 
ketose, cyclized to an aldosyl amine or ketosyl amine 
followed by enolization and molecular rearrangement to 
give 1-amino-1-deoxy-2-ketose (Amadori product)7,8 ,and 2-
amino-2-deoxyaldose (Heyne product),8,9 respectively.  
α-Hydroxy ketones with tertiary OH-group undergo basic 
catalyzed rearrangement, however, in ketones with 
secondary OH-group enolization is more favored than 
rearrangement.10,11 α-Hydroxy Schiff bases in which OH-
group is tertiary, undergo thermal rearrangement to yield α-
amino ketones.10,12 Present work involves synthesis of 1,2-
diphenyl-2-(arylimino)ethanol derivatives (I) as α-hydroxy 
Schiff bases with secondary OH-group, and investigation of 
their rearrangement both thermal and catalyzed by bases like 
phenylhydrazine, para-substituted aniline and triethylamine. 
Experimental 
All chemicals used were of reagent grade (supplied by 
Sigma- Aldrich) and used as supplied. Melting points were 
recorded on an Electrothermal stuart apparatus and are 
uncorrected. IR- spectra were recorded on Euro OV Ectro 
FT-IR 8400s infrared spectrophotometer and 1H NMR 
spectra were recorded on a DPX400 instrument, with CHCl3 
as solvent. 
Synthesis of 1,2-diphenyl-2-(arylimino)ethanol derivatives (I), 
(X = H, Me, Cl).(13) 
A mixture of equimolar amount of benzion and para-
substituted anilines, (X = H, Me, Cl) in a small amount of 
ethanol was heated at 120 ◦C for 1 h and then the reaction 
mixture was cooled. The residue obtained was recrystallized 
from ethanol to give 1,2-diphenyl-2-(arylimino)ethanol 
derivatives (I), Table 1.  
Rearrangement of 1,2-diphenyl-2-(arylimino)ethanol 
derivatives (I), (X = H, Me, Cl). 
(i) Thermal effect 
Benzoin Schiff bases (IA, IB, IC) (10 mmol) were heated 
in an oil bath at 130◦C for 1h, cooled and recrystallized from 
ethyl alcohol to give rearrangement products of (IA, IB, IC) 
respectively. Identity of the products were confirmed by 
mixed melting points of reaction products (IA, IB, IC) with 
authentic (IA, IB, IC) compounds, also by comparing the 
IR-spectra of reaction products with those of authentic 
compounds. 
(ii) Base catalyzed Rearrangement 
A mixture of (10 mmol) of benzoin Schiff base (IA, IB, 
IC) and (10 mmol) solution of (phenylhydrazine 
hydrochloride-sodium acetate in 2ml water), in 10 ml ethyl 
alcohol were heated for 30 min. in a water bath, cooled, 
precipitate formed was filtered and washed with ethyl 
alcohol-water to give 1,2-diphenyl-2-(arylimino)ethanol 
derivatives (II). The data are given in Table 2. 
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Table 1. Physical and spectroscopic parameters of compound (I) derivatives. 
1H NMR (δ, ppm) IR- υ (cm-1) Yield % m.p.(◦C) Compound I 
Me Ph CH OH CN OH 
- - - - 1667 3400-3375 76 124-6 A(X=H) 
2.2 7.2-7.9 6.0 4.6 1665 3380-3360 79 118-20 B(X=Me) 
- 7.2-8.0 5.9 4.5 1670 3400-3370 87 123-4 C(X=Cl) 
Table 2. Physical and spectroscopic parameters of compound (II) derivatives. 
13C NMR (δ, ppm) 1H NMR (δ, ppm) IR- υ (cm-1) m.p.°C Compound II 
C=O Ph CH Me Me Ph CH NH C=O NH 
- - - - - - - - 1670 3500 138-40 A(X=H) 
197 113-134 63 20 2.1 6.5-7.9 5.9 5.2 1670 3507 143-5 B(X=Me) 
- - - - - 6.6-8.0 6.0 5.3 1672 3504 157-9 C(X=Cl) 
 
Similar results were obtained as in (i) by refluxing 
equimolar amounts of benzoin Schiff base (IA, IB, IC) with 
para-substituted aniline and triethylamine in ethyl alcohol 
for 30 min. 
Results and Discussion 
Benzoin Schiff bases (IA, IB, IC), α-hydroxy imines with 
secondary OH-groyp, were synthesized by a direct 
condensation of benzoin with para-substituted anilines, (X = 
H, Me, Cl) at 120◦C and characterized by their melting 
points. IR- spectral data showed strong-broad OH- 
stretching bonds in the range of 3400-3360 cm-1 beside 
sharp-medium stretching bonds of imino (C=N) group at 
1667, 1665, 1670 cm-1 for (IA, IB, IC) respectively. 1H 
NMR- spectra showed OH and CH signals for (IB and IC) at 
(δ, ppm), [4.6 (1H, d), 6.0 (1H, d)] and [4.5 (1H, d), 5.9(1H, 
d)] respectively.  
Benzoin Schiff bases (IA, IB, IC) were found to be 
thermally stable up to 130◦C (above their melting points), 
but rearranged up on heating with equimolar amount of base 
like phenylhydrazine to 1,2-diphenyl-2-(arylimino)ethanol 
derivatives (IIA, IIB, IIC) respectively, which  are 
characterized by their melting points and IR spectra.  IR- 
spectra showed a sharp-medium N-H stretching bands at 
3500, 3507, 3504cm-1 and sharp-strong C=O stretching 
bands at 1670, 1670, 1672cm-1 for (IIA, IIB, IIC) 
respectively. 1H NMR spectra for compound (IIB and IIC) 
showed NH and CH signals at   (δ, ppm), [5.2 (1H, s), 5.9 
(1H,s)] and [5.3 (1H, s), 6.0 (1H, s)] respectively.   13C NMR 
spectrum for compound (IIB) showed Me, CH, Ph, C=O 
carbon signal at 20, 63, 113-134, 197 ppm respectively.                          
Similar results were obtained on heating benzoin Schiff base 
(IA, IB, IC) with equimolar amount of para-substituted 
anilines, (X = H, Me, CL) or triethylamine. 
Based on the above results we can conclude that benzoin 
Schiff base (IA, IB, IC) are thermally stable up to their 
melting points, but enamination takes place ontreartment 
with bases like phenylhydrazine, para-substituted aniline or 
triethylamine respectively to enol-amine tautumer which  
are rearranged to more stable 2-amino ketones (IIA, IIB, 
IIC) as in the following manner. 
 
         
where  
Ar = para- substituted phenyl with X=H, Me, Cl 
B=phenylhydrazine, para-substituted aniline, or 
triethyl amine. 
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CHRONIC STRESS-INDUCED DEPRESSION-LIKE BEHAVIOUR 
OF RATS ACCOMPANIED BY MICROBIAL TRANSLOCATION 
THE BLOOD-BRAIN BARRIER AND PERSISTENT ACTIVATION 
THE INDUCIBLE NITRIC OXIDE SYNTHASE IN   
 MITOCHONDRIA OF CORTICO-LIMBIC BRAIN 
K.A. Barseghyan, N.Kh. Alchujyan, A.A. Aghababova, N.H.Movsesyan, H.Kh. Avagyan, H.A. 
Movsesyan, L.H. Melkonyan, H.L. Hayrapetyan, A.G. Guevorkyan, G.A. Kevorkian 
 
Keywords: arginine, blood, brain, Candida albicans, chronic stress-induced depression, citrulline, gut, nitric oxide synthase, 
Staphylococcus aureus 
Chronic stress may affect brain-gut axis and compromise blood-brain barrier (BBB) causing bacterial invasion and mounting nitrergic 
response that might be involved in stress-induced depression via direct impact on mitochondrial function in brain. The objectives of this 
study are to examine microbial composition in gut, blood and brain and assess a contribution of functionally different constitutive and 
inducible forms of nitric oxide synthase (cNOS and iNOS, respectively) to nitric oxide (NO) production in cytoplasm and mitochondria of 
cortico-limbic brain following chronic stress-induced depression. Depression-like behaviour of early adolescent male rats - resembling 
human depression - was developed by exposure to 2 weeks of chronic variable physical stress (CVS) (forced swimming, ether, restraint, 
cold, orthostatic shock and food deprivation).CVS induces in the rat gut a substantial enhancement the number of resident Candida 
albicans and manifestation of Staphylococcus aureus accompanied by a reduced number of obligate microbes immediately after CVS 
(stress group) and four days later (post-stress group). S. aureus and C. albicans were also detected in bloodstream and brain of CVS-treated 
rats. Simultaneously, the levels of L-arginine, L-citrulline and reactive nitrogen species were remarkably elevated in cytoplasm and 
mitochondria of the prefrontal cortex, striatum, hippocampus, and hypothalamus. We have found for the first time that CVS causes a 
persistent activation the iNOS in mitochondria of the mentioned brain regions, as well as in cytoplasm of the hypothalamus, while the 
cNOS activity was not significantly changed in mitochondria of the regions studied, with exception for the hypothalamic mitochondrial 
cNOS which reduced twice. We have also found a concurrent down-regulation the cNOS in cytoplasm of all the mentioned regions and a 
long-term up-regulation the iNOS in cytoplasm of the hypothalamus. CVS-induced opposite changes in the subcellular activity of distinct 
NOSs in cortico-limbic brain appear to be involved in the mitochondrial dysfunction leading to disturbances in neurotransmission, 
hemodynamic and energy impairment, pathophysiological pathways relevant to depression. We emphasize a role of gut microbiota in the 
persistent activation the mitochondrial iNOS in cortico-limbic brain and therefore the importance of origin the mitochondrial dysfunction 
involved in the pathological processes manifested during chronic stress-induced depression. This study would be helpful in understanding 
both brain-gut-microbiota communications and intracellular processes in the brain at depression, and therapeutic targeting of microbiome 
and nitrergic response might be included in future strategies in prevention and treatment of depression/anxiety. 
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INTRODUCTION 
Major depression is a common and sometimes fatal 
psychiatric disorder affecting up to 25 % of general 
population worldwide is a leading cause of disability 
worldwide.1 A great body of evidence suggests a link for 
chronic stress with depression development.2,3 However, 
the mechanisms underlying the pathology of depression 
are still poorly understood, and at least one-third of cases 
are resistant to treatment with known antidepressants.4 
Accumulating data suggest a bidirectional signalling 
between the gastrointestinal tract and the brain, the 
impact of the enteric microbiota on the brain gut-axis and 
a role for microbiota in the modulation of mood and 
behaviour reviewed elsewhere.5,6 Stress-induced 
disturbances in mucosal barrier function and mucin 
production are associated with increased microbial 
translocation   the   blood-brain  barrier   that   may  cause 
depressive symptoms (anhedonia, anxiety-like behaviour, 
fatigue and somatic symptoms, e.g. mild cognitive 
impairment) by activating the cytokine network, oxidative 
and nitrosative stress pathways.7 The elevation of nitric 
oxide (NO) within the central nervous system is known to 
be associated with the pathogenesis of plenty of stress-
induced diseases, including depression.8  
Nitric oxide, a versatile molecule in signalling 
processes and unspecific immune defence is produced 
from L-arginine by functionally and pharmacologically 
distinguished forms of NO synthase (NOS): calcium-
calmodulin-dependent constitutive NO synthases (cNOS), 
neuronal (nNOS) and endothelial (eNOS), involved in the 
regulation of neurotransmission and blood circulation, 
respectively, and calcium-calmodulin-independent 
inducible form (iNOS) contributed to the innate immune 
response.9 Recent findings suggest the presence in 
mitochondria constitutively active NOS (mtcNOS) which 
functionally couples with mitochondrial respiratory chain 
complex I, and NO produced by mtcNOS under 
physiological conditions reversibly inhibits oxygen 
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consumption and ATP synthesis.10,11 Mitochondria are 
involved in synaptic plasticity in the mature nervous 
system and abnormalities in mitochondria are associated 
with psychiatric and neurodegenerative diseases, 
suggesting a therapeutic potential for approaches that 
target mitochondrial mechanisms.12,13 Enhanced 
mitochondrial NO production with increased free radical 
generation, disrupted electron transport system and 
mitochondrial permeability transition have all been 
implicated in impaired mitochondrial function relevant to 
mental disorders.14 It is unknown, however, whether 
mitochondrial NOS make contributions to depression 
mechanism and how it is related to the iNOS and/or the 
cNOS. The studies cited in the review of Wegener and 
Volke15 demonstrate the effect of drugs modulating NO 
synthesis in anxiety and depression, affecting the 
different forms of NOS differently, but despite significant 
challenges in developing compounds which may 
differentially inhibit the ‘right’ form at the right place, 
NOS inhibition continue to be an interesting novel 
approach in the future development of antidepressants.  
Chronic stress may compromise the blood-brain barrier 
(BBB) causing bacterial invasion and mounting nitrergic 
response that may affect mitochondria in brain tissues 
implicating in the pathology of depression. In the present 
study we aimed therefore to examine microbial 
composition of gut, blood and brain and assess the 
contribution of constitutive and inducible NOS forms to 
the production of NO in cytoplasmic and mitochondrial 
compartments of the major brain regions (hippocampus, 
hypothalamus, striatum and prefrontal cortex) following 
chronic stress-induced depression-like behaviour of rats. 
Materials and Methods 
NG-monomethyl-L-arginine (NMMA) was obtained 
from Calbiochem (La Jolla, CA). All other reagents were 
purchased from Sigma Chemical Co (St Louis, MO).  
Animals and study design 
All procedures involving animals were approved by the 
respective Institutional Animal Care and Ethics 
Committee of the National Academy of Sciences the 
Republic of Armenia. For all experiments, groups (n 
=18/group) of early adolescent, 35–48-day-old male 
Wistar rats weighing 100-140 g were used.  Animals were 
housed at a constant temperature and humidity, and had 
unrestricted access to a standard diet and tap water. After 
overnight fasting, rats were subjected to chronic variable 
physical stress (CVS). Animals were divided into three 
groups: one group served as control and the other two as 
CVS-exposed groups studied immediately after CVS 
(stress group) and four days later (poststress group). Rats 
were sacrificed by a decapitation after behavioural 
testing. 
Chronic variable stress. Animals underwent our CVS 
regimen for 14 days consisted some times of twice daily 
exposures to alternating stressors (forced swimming (FS), 
ether inhalation (EI), restraint stress (RS), cold stress 
(CS), orthostatic shock and food deprivation), once in the 
morning (800–1200h) and once in the afternoon (1300–
1800). In addition, animals were exposed to overnight 
food deprivation every night. Each stressor was applied 
for 2-3 times and the same stressor was not applied 
continuously in 2 days so that animals could not predict 
the occurrence of stress. The  CVS regimen included: 1st 
day – FS (20 min at 28оС); 2nd day - RS (2 h); 3rd day – 
EI and CS (4 h at 4 оС); 4th day – FS (20 min at 24 оС) 
and RS (2 h); 5th day– CS (4 h at 4 оС) and EI; 6th day – 
RS (4 h); 7 day - FS (20 min at 28 оС) and CS (3 h at 4 
оС); 8th day - EI; 9th day – RS (4 h) and EI; 10th day - 
CS (5h at 4 оС); 11th day - FS (20 min at 24 оС) and EI; 
12th day - food deprivation (24 h) and orthostatic shock 
(20 min); 13th day - EI and CS (5h at 4 оС); 14th day – 
RS (5 h).  
FS was performed using a cylindrical container (height 
50 cm, diameter 40 cm) filled with 30 cm water; 
temperature and time were varied under FS conditions. 
For the RS, rats were kept in plastic rodent restrainers 
completely restricted the lateral and front-to-back 
movements of the rat. Orthostatic stress was performed 
by placing rat in the plastic restraint tube upside down at 
a right angle to the horizontal surface. 
Behavioural testing 
Open field test. The rats were placed singly into an 
open field (diameter 1m, divided by 2 concentric circles 
into 16 equal sections on the floor of the arena) and 
observed in 5 min to measure locomotor activity (the 
number of sectors crossed with all paws (crossing), the 
number of rears (posture sustained with hind-paws on the 
floor), grooming (including washing or mouthing of 
forelimbs, hind-paws, body and genitals) (exploratory 
behaviour) and boluses (anxiety) counted 
manually/visually.16 
Elevated plus-maze test. Immediately after the open 
field test the rats were placed singly into a common 
central platform (10 cm × 10 cm) of elevated plus-maze 
comprised two open and two closed arms (45cm x 10cm 
x 10cm) and elevated to a height of 80 cm above the 
floor. During a 5-min observation period, the following 
parameters were measured: number of open arms entries 
and number of closed arm entries. Percentage of the 
number of entries into the open arms of the total number 
of entries into all arms was calculated. Exploration 
(grooming and rearing) and risk assessment (number of 
hanging over the open arms) were also examined.17  
At the end of each trial, the open field and elevated 
plus-maze were wiped clean with ethanol.  
Microbiota. Each animal was opened aseptically; 
samples of feces from the lower part of the gut and 
brain washout were immediately placed into an anaerobic 
chamber for bacteriological analysis. Samples of blood 
were obtained from rats following decapitation. For 
identification light microscopy and/or the culturing 
method were used for all samples. Cultures were 
incubated in sucrose broth at 37 °C for 24 h (blood was 
diluted by 1:5 v/v). Thereafter, cultures were examined 
by microscopy and inoculated to the solid culture media, 
agar plates (Endo, sucrose, and blood agar) and incubated 
for 24 h; blood samples incubated for 5 days to facilitate a 
growth of microbes daily monitored. The characteristics 
(such as morphology and colour) of the colonies, as well 
as haemolysis, plasma-coagulation, aerobic fermentation 
of mannitol were examined for identification of 
microorganisms. Enterobacteriaceae and other isolates 
were identified by established procedures.18,19 
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Isolation of cytoplasm and mitochondria. Brains were 
rapidly removed from the skulls, placed on cold plate, and 
prefrontal cortex, striatum, hippocampus and 
hypothalamus were dissected and homogenized in ice-
cold 20 mM HEPES buffer pH 7.4, containing 0.25 M 
sucrose, (1:10, w/v) using Potter homogenizer (1500 rpm 
for 3 min). Homogenates were centrifuged at 3000 rpm 
for 10 min to remove nuclear fraction. Supernatants were 
collected, centrifuged at 15000 rpm for 20 min, and 
cytoplasm in the supernatants and mitochondria in the 
pellets were obtained. Mitochondria were washed twice 
with the above mentioned buffer.  
Nitric oxide synthase assay. Total NOS activity was 
assessed by measuring nitrite (NO2) stable intermediate 
of NO, accumulating during a long-term incubation of 
samples (at 37 oC for 24 h) in 20 mM HEPES buffer, pH 
7.4, containing 2 mM dithiothreitol and 3 mM 
MgCl2∙6H2O, in the presence of 1.7 mM CaCl2, 5.5 mM 
L-arginine·HCl, and NOS cofactors: 0.2 mM NADPH, 6 
M FAD, 5.5 M FMN, 20 M ((6R)-5,6,7,8-tetrahydro-
L-biopterin dihydrochloride). The iNOS activity was 
determined in separate experiments with 5 mM EDTA 
included in the incubation medium. Control experiments 
were conducted in the presence of 5 mM NMMA, a non-
selective inhibitor of NOS activity. The cNOS activity 
was calculated by subtracting the iNOS activity from the 
NOS total activity. Reaction was initiated by addition of 
samples to the incubation medium and terminated by 
deproteination with 0.5 N NaOH and 10 % ZnSO4. 
Following a centrifugation (15,000 x g, 3 min) the 
supernatants were sampled and analysed for nitrite 
content to determine the NOS activity expressed as nitrite 
produced in 24 h per mg of total protein.  
Measurement of nitrite. Protein-free samples, obtained 
by deproteination of brain tissue samples with 0.5 N 
NaOH and 10% ZnSO4 and following centrifugation 
(vide supra) were analysed for nitrite (a stable 
intermediate of NO) using colorimetric technique based 
on diazotization. Samples were mixed in equal parts with 
Griess-Ilosvay reagent (1:1 mixture of 0.17 % sulfanilic 
acid and 0.05 % -naphthylamine in 12.5 % acetic acid), 
and measured at 546 nm. The measured nitrite content 
was corrected with the background values found in the 
samples without tissue.  
Measurement of L-arginine. Protein-free supernatants 
obtained by deproteination of the samples with 0.5 N 
NaOH and 10% ZnSO4 and following centrifugation 
(vide supra) were tested for L-arginine by the method of 
Akamatsy & Watanabe20 with our modification. Briefly: a 
sample of supernatant diluted with distilled water (1:1, 
v/v) was added in a ratio 3:1 (v/v) to a mixture of equal 
amounts of 0.4 % 8-oxychinoline in 96 % ethanol, 5 % 
sulfosalicylic acid in 0.01 M glycine buffer, 2.5 % NaOH, 
and then added 1 % solution of sodium hypobromite 
stirred and the absorbance was measured at 525 nm 
spectrophotometrically.  
Measurement of L-citrulline. L-citrulline was 
measured by the modified method of Moore & 
Kauffman.21 Briefly: brain tissue homogenates were 
deproteinated with 10 % TCA, centrifuged at 15,000 x g, 
5 min, and supernatants were added in a ratio 1:2 (v/v) to 
a mixture of equal amounts of 9.6 % H2SO4 and DAMO 
reagent (5 mМ diacetylmonoxime (DAMO), 0.9 mМ 
thiosemicarbazide, and 0.025 mМ FeCl3) heated in a 
boiling water bath for 10 min, cooled to the room 
temperature and the absorbance was measured at 490 nm 
spectrophotometrically.  
Protein was determined by the method of Lowry, using 
crystalline bovine serum albumin as standard.22  
Statistical analysis. Data are expressed as the mean ± 
S.E.M. All data were analysed using a one-way analysis 
of variance (ANOVA) followed by post hoc Holm-Sidak 
method) (SigmaStat 3.5 for Windows). Differences are 
considered significant at P <0.05. 
RESULTS 
We have developed a rat model of CVS-induced 
depression (presented in Materials and Methods). 
Depression-like behaviour of rats was observed 
immediately after CVS (stress group) and four days later 
(post-stress group) (Tabl. 1, 2). The results of behavioural 
testing show that CVS-exposed rats display a decreased 
locomotor activity in the open field, as well as a reduced 
total number of entries into all arms in elevated plus-
maze, that also probably related to motor activity.23 This 
symptom characterizes depressive illness - mimicking 
human psychomotor retardation.24 CVS caused a decrease 
in number of rearing and grooming relevant to 
exploratory behaviour and may indicate a “refractory loss 
of interest” another major symptom of depression.25 
Table 1. Rat behavioural activity in the open field following 
chronic variable stress  
Groups Locomotor 
activity 
Rearing Gruming Defecation 
boli 
Control 16.6 ± 2.8 6.8 ± 0.8 2.8 ± 0.6 2.9 ± 0.5 
Stress  1.3 ±0.4*** 1.2±0.3*** 1.0±0.2*** 2.3±0.4*** 
Poststress 6.1±1.6*** 
p’<0.001 
1.5±0.4*** 
p’=0.11 
1.5±0.5*** 
p’=0.002 
2.8±0.3# 
p’<0.001 
M ± SD (n=18). # p >0.05,* p<0.05,** p <0.01,*** p <0.001 
(compared to control); p’ (compared to stress group). 
In addition rats exposed to stressful stimuli showed 
aborted acts of grooming, freezing in the closed arm and 
remarkable drop in the number of hanging from an 
enclosed arm in risk-assessment in the elevated plus-
maze. These symptoms indicate also a development of 
anxiety resembling human anxiety/depression. 
Microbiome changes in the rat model of CVS-induced 
depression 
As shown in Tables 3 and 4, gut microbiota in CVS-
exposed rats showed significantly higher (compared to 
control) number of Candida albicans and Staphylococcus 
aureus, the latter was only detected in the gut of stressed 
animals. At the same time the numbers of Lactobacilli 
and Bifidobacteria were reduced in both CVS-groups, as 
well as the number of E. coli that dropped drastically, and 
E. coli only represented by single colonies of lactose-
negative strains. 
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Table 2. Rat behavioural activity in the elevated plus-maze following chronic variable stress 
Groups Rearing Gruming Number of 
entries into the 
open arms 
Total number 
of entries 
Number of 
hanging over the 
open arms 
Defecation boli 
Control 6.3 ± 0.5 1.9 ± 0.2 1.6 ± 0.8 2.9 ± 0.5 4.9 ± 0.7 1.5 ± 0.4 
Stress  2.3 ± 0.4*** 3.3 ± 0.3*** 0.2 ± 0.1** 1.0 ± 0.2*** 0.5 ± 0.2*** 0.3 ± 0.1*** 
Poststress 2.1 ± 0.2*** 
p’=0.13 
0.25 ± 0.05** 
p’<0.001 
0.25 ±0.1** 
p’=0.75 
1.2 ± 0.5*** 
p’=0.16 
0.75 ±0.3*** 
p’=0.11 
1.1 ± 0.3*** 
p’<0.001 
M ± SD (n=18). # p >0.05,* p<0.05,** p <0.01,*** p <0.001 (compared to control); p’ (compared to stress group). 
 
Table 3. Gut obligate microbiota in the rat model of CVS-
induced depression  
Microflora Control Stress Poststress 
CFU per g feces 
Bifidobacteria (2.4±0.4)×1010 (1.8±0.6)×107 (5.4±1.2)×107 
Anaerobic 
cocci 
(4.1±0.3)×1010 (3.5±0.6)×1010 (4.5±0.9)×1010 
Other 
anaerobes 
(1.9±0.8)×103 (2.1±0.5)×103 (1.4±0.4)×103 
Lactobacilli (6.3±0,8)×10 5.2±0,4 8.7±0.9 
E. coli (3.04±0.2)×105 Single 
colonies 
Single 
colonies 
Streptococcus 
fecalis 
(4.5±0.6)×106 (5.5±0.9)×106 (3.9±0.7)×106 
Clostridium 
perfringens 
103 105 105 
Values are means ± S.D.; P < 0.05 vs. control (native rats). 
Note: for stressed rats data concern to lactose-negative strains of 
E. coli 
 
Table 4. Gut resident microbiota in the rat model of CVS-
induced depression 
Values are means ± S.D.; P < 0.05 vs. control (native rats).  ND-
non-detectable 
 
In the bloodstream of the stress group, the number of S. 
aureus and C. albicans gained to (1.9 ± 0.4) × 102 and 
(2.5 ± 0.6) × 105 (CFU/ml), respectively, and single 
colonies the mentioned microbes were detected in brain. 
The microbial pattern of the blood for rats from post-
stress was similar to stress-group, while in the brain a 
growth of S. aureus and C. albicans increased up to (2.1 
± 0.5) × 10 and (3.5 ± 0.4) × 103 (CFU/ml), respectively. 
The changes in the microbe compositions in gut and 
translocation the BBB observed should impact the 
metabolism and underlying physiological processes. We 
have found remarkable changes in the L-arginine- 
 
dependent generation of NO responsible for efficient 
immune response and cytotoxicity of host cells to kill the 
invading pathogens. 
NO synthase activity and reactive nitrogen species 
subcellular levels in the rat brain regions following 
CVS-induced depression-like behaviour 
As shown in Fig 1, after CVS in the PFC of rats from 
stress group a ten-fold drop in the cNOS activity was 
observed in cytoplasm, and a simultaneous  
approximately thrice increase in the iNOS activity and of 
a 3.3-, and 1.5-fold in the nitrite content in cytoplasm and 
mitochondria as respectively compared to control. In 
post-stress group the activity of cytosolic cNOS 
increased, but not recovered to control values, while the 
iNOS activity decreased in cytoplasm, but in 
mitochondria continued to grow. Of note, the cNOS was 
not significantly changed in the PFC mitochondria in both 
CVS-exposed groups. The nitrite content also increased 
in the PFC by 4.2-, and 4.9 times in cytoplasm and 
mitochondria respectively compared with the control. 
Changes similar to the PFC subcellular nitrergic response 
observed were detected in limbic brain.  
As shown in Figures 2-4, in cytoplasm of the striatum, 
hippocampus and hypothalamus of stress group of a 4.7-, 
3.7-, and 2-fold decrease in the cNOS activity, and of 1.8-
, 2.6-, and 2-fold decrease in that of poststress group 
respectively compared to control. Changes in the cNOS 
activity in mitochondria were negligible, except of a 3-2-
fold decrease in the hypothalamic mtcNOS activity. 
Contrary to cNOS, the iNOS was markedly activated in 
cytoplasmic compartments of striatum, hippocampus and 
hypothalamus. Concurrently, the nitrite levels increased 
with time, and in post-stress group in cytoplasm and 
mitochondria up to 7.8-, and 6.5-fold in the striatum, and 
11.2-, and  9.9-fold in the hypothalamus respectively 
compared to control rats. In stress group the RNS content 
was also elevated in the hippocampus up to 9 times in 
cytoplasm, and 8.1 times in mitochondria, while in post-
stress group it decreased, but was however higher of 
control values. 
L-arginine and L-citrulline subcellular levels in the rat 
brain regions following CVS-induced depression-like 
behaviour  
As shown in Fig. 5, in the PFC from stress-group the L-
arginine and L-citrulline levels were increased of 8.8-, 
Microflora Control Stress Poststress 
CFU per g feces 
Haemolytic E. 
coli 
ND ND ND 
Staphylococcus 
aureus 
ND (7.2±0.9)×107 (4.8±0.7)×105 
Clebsiellapneu-
moniae 
ND Single 
colonies  
ND 
Candida 
albicans 
(1.8±0.3)×103 (5.6±0.8)×106 (2.6±0.4)×105 
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and 5.1-fold in cytoplasm, and of 5.9-, and 4.4-fold in 
mitochondria as compared to control. In the post-stress 
group the levels of L-arginine were by 2.6-, and 8.8 times 
higher in cytoplasm and mitochondria of the PFC 
respectively compared to control. L-citrulline content was 
reduced in the cytoplasm, but remaining higher upon 
control values by 2.4 times, while in mitochondria it 
continued to grow and was by 8.2 times higher than that 
of under physiological circumstances. In the striatum of 
stressed rats in both cytoplasm and mitochondria the L-
arginine content increased by about twice in stress group, 
then 6 times in post-stress group; the L-citrulline level 
also increased by  approximately 9 and 10 times 
respectively in stress and  post-stress groups  (Fig. 6). We 
have found that L-arginine content was increased of 2.9-, 
and 15.1-fold in cytoplasm and mitochondria of the 
hippocampus from stress group, and of a 9.3-, and 5.0-
fold from post-stress group respectively compared to 
control. L-citrulline concentrations were also elevated in 
the hippocampus up to about 12-, and 5 times in 
cytoplasm and mitochondria respectively in poststress 
group (Fig. 7). In the cytoplasm and mitochondria of the 
hypothalamus of about a 10-, and 11-fold increase in the 
L-arginine level, and of 9- and 15-fold increase in the L-
citrulline levels were observed in the post-stress group 
(Fig. 8). 
DISCUSSION 
A matter of special relevance is that blood-brain barrier 
(BBB) structure or function may be affected, as is the 
case after stress exposure in animal models of depression 
or in humans with depression.26 In our rat model of CVS-
induced depression we have found in the digestive tract 
enhanced growth of such opportunistic and pathogenic 
bacteria and fungi as S. aureus and C. albicans that may 
markedly decrease the number of the beneficial bacteria 
in gut. Clinical cultures of C. albicans can cause 
desquamation of small fragments peptidoglycan layers of 
cell wall and total destruction of Lactobacilli cytoplasmic 
contents and growth reducing the number of beneficial 
bacteria in the gut flora.27 Of interest, association of C. 
albicans with S. aureus occurs of 13-46 % in patients 
with intestinal dysbiosis.28 Pathogenic microbes start 
digesting food in their own way producing large amounts 
of various toxic substances, which get absorbed into the 
blood stream, carried to the brain and cross the BBB 
causing different neurological and psychiatric 
 
Figure 1. Subcellular changes in the constitutive (cNOS) and inducible (iNOS) NOS activities and the nitrite levels in the rat 
prefrontal cortex following CVS. Data are expressed as M ± SEM, n=18, statistical comparisons made by one way ANOVA 
followed by the Holm-Sidak test. Differences are considered significant if p< 0.05. # p >0.05, * p <0.05, ** p <0.01, *** p 
<0.001.  
 
 
Figure 2. Subcellular changes in the constitutive (cNOS)  and inducible (iNOS)  NOS activities and the nitrite levels in the rat 
striatum following CVS. Data are expressed as M ± SEM, n=18, statistical comparisons made by one way ANOVA followed by 
the Holm-Sidak test. Differences are considered significant if p< 0.05. # p >0.05, * p <0.05, ** p <0.01, *** p <0.001.  
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symptoms.29 Stress at the level of the CNS can also affect 
gut function and lead to perturbations of the microbiome. 
Chronic stress modulates the barrier function of the 
follicle associated epithelium, and in animal models 
exhibiting damage to the mucosal epithelium, indigenous 
bacteria translocate intercellular between the epithelial 
cells to directly access the blood.30,31 Our results show 
that both S. aureus and C. albicans appear in the 
bloodstream, penetrate the BBB and persist in the brain 
for up to 4 days after CVS. Recently, the ability of S. 
aureus to penetrate the CNS has been demonstrated.32 It 
has also long been known that C. albicans may cause 
certain manifestations occurred with such frequency as to 
suggest the diagnosis of yeast induced illness-mental 
depression, anxiety, and the abnormalities in brain 
function can be cleared completely with anti-yeast 
therapy.33,34 A method for treatment or prophylaxis of a 
bipolar disorder disease state, by administration of an 
anti-fungal composition is successfully used for 
depression treatment.35 
NO production by iNOS is essential for host defence 
against many pathogens, and microbial invasion observed 
in CVS-exposed rats may induce innate immune response 
by an up-regulation the iNOS in brain. Importantly, S. 
aureus has been demonstrated to elicit immune functions 
in both microglia and astrocytes on the level of responses 
to Toll-like receptors-2 (TLRs)36, which involve innate 
immune effector molecules including iNOS.37 LPS from 
bacterial translocation is responsible, at least in part, for 
the TLR-4 activation found in the brain after chronic mild 
stress exposure which leads to the release of 
inflammatory mediators in the CNS and may play role in 
the depression-like behaviour of rats.38 Similarly, 
depression-like behaviour of rats might be developed via 
microbe-induced enhancement of nitrergic response with 
intracellular shift in the activities of different NOS forms 
in cortico-limbic brain.   
In the present investigation we have shown for the first 
time a CVS-induced persistent activation of the brain 
mitochondrial iNOS probably contributed to the enhanced 
citrulline and RNS intracellular levels observed and could 
lead to persistent mitochondrial disfunction and 
development depression-like behaviour. Our data are 
supported by findings that the chronic stress-induced 
depression-like behaviour is accompanied by an 
activation of iNOS in the hippocampus and its inhibition 
prevents depression.39 
 
Figure 3. Subcellular changes in the constitutive (cNOS) and inducible (iNOS) NOS activities and the nitrite levels in the rat 
hippocampus following CVS. Data are expressed as M ± SEM, n=18, statistical comparisons made by one way ANOVA followed 
by the Holm-Sidak test. Differences are considered significant if p< 0.05. # p >0.05, * p <0.05, ** p <0.01, *** p <0.001.  
 
 
 
Figure 4. Subcellular changes in the constitutive (cNOS) and inducible (iNOS) NOS activities and the nitrite levels in the rat 
hypothalamus following CVS. Data are expressed as M ± SEM, n=18, statistical comparisons made by one way ANOVA 
followed by the Holm-Sidak test. Differences are considered significant if p< 0.05. # p >0.05,* p <0.05,** p <0.01,*** p <0.001.  
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It should be noted that we found cNOS and iNOS 
activities in cytolasmic and mitochondrial compartments 
of the rat brain regions under physiological 
circumstances. Other authors findings40,41 also show that 
antibodies against the eNOS, as well as the nNOS or 
iNOS, showed positive immunoblotting in brain 
mitochondria and submitochondrial membranes, and 
iNOS is expressed constitutively at low levels in mouse 
motoneurons and Schwann cells could be another source 
of NO. The iNOS can produce NO for prolonged periods 
and contribute to excessive NO and a deleterious effects 
mediated by a potent oxidant, peroxynitite which is 
readily formed from superoxide and NO produced 
together during the stress.42 Moreover, exposure of 
astrocytes in culture to low concentrations of  NO over 
the 4-6 h induces an increased rate of superoxide 
generation unless changes in oxygen consumption, lactate 
or ATP content suggesting that NO-mediated partial 
mitochondrial electron transport chain (ETC) inhibition 
may initially cause oxidative stress rather than ATP 
depletion, and this may subsequently induce irreversible 
changes in ETC function providing the basis for a cycle 
of damage and mitochondrial dysfunction through a 
decrease in mitochondrial respiratory control and loss of 
membrane potential, probably mediated by free radical 
production.43 In addition, human recombinant MnSOD 
and CuZnSOD were both inactivated when exposed to 
simultaneous fluxes of superoxide and NO.44  
We have also found a CVS-induced elevation of the L-
arginine levels in the cellular compartments of all the 
brain regions. Arginine could facilitate the activation of 
iNOS which in contrast with the cNOS is a high-output 
form strongly dependent on the presence of L-arginine 
and the availability of the intracellular arginine have 
proved is a rate-limiting factor in NO synthesis.45 
Argininosuccinate synthetase (ASS) and 
argininosuccinate lyase together can recycle the NOS 
reaction by-product, L-citrulline to L-arginine and are 
expressed constitutively in neurons, but hardly colocalise 
with each other or with NOS in the same neuron. 
Therefore, trafficking of citrulline and arginine between 
neurons necessitates transport capacities in these cells 
which are fulfilled by well-described carriers for cationic 
and neutral amino acids. In cultured astrocytes 
transcription and protein expression of arginine transport 
system y (+) and of ASS are up-regulated concomitantly 
with induction of iNOS. Any attempt to estimate the 
contributions of arginine transport and synthesis to 
substrate supply for NOS has to consider competition for 
arginine between NOS and arginase.46 The two forms of 
arginase (AI and AII) are coexpressed in brain, AI has a 
cytoplasmic localization, whereas AII is present in the 
mitochondrial matrix, and these two arginases can access 
the cytoplasmic arginine pool and modulate iNOS 
function by means of substrate quenching.47 The 
competition between iNOS and arginase for arginine can  
 
 
 
Figure 5. Subcellular changes in the levels of L-
arginine and L-citrulline in the rat prefrontal cortex 
following CVS. Data are expressed as M ± SEM, n=18, 
statistical comparisons made by one way ANOVA 
followed by the Holm-Sidak test. Differences are 
considered significant if p< 0.05. # p >0.05,* p 
<0.05,** p <0.01,*** p <0.001.  
 
 
 
 
 
 
Figure 6. Subcellular changes in the levels of L-
arginine and L-citrulline in the rat striatum following 
CVS. Data are expressed as M ± SEM, n=18, statistical 
comparisons made by one way ANOVA followed by 
the Holm-Sidak test. Differences are considered 
significant if p< 0.05. # p >0.05,* p <0.05,** p <0.01, 
*** p <0.001.  
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thus contribute to the outcome of several parasitic and 
bacterial infections.48 Conversion of arginine to ornithine 
and urea via the arginase pathway can support the growth 
of bacterial and parasitic pathogens, at least via iNOS 
inhibition by urea.49 In turn, NG-hydroxy-L-arginine, a 
first intermediate in NO synthesis and a potent 
endogenous inhibitor of arginases, can accumulate 
sufficiently in iNOS-expressing cells to inhibit arginase 
activity.50 Recently, it has been reported a significant 
decrease in the arginase activity and manganese level and 
elevated level of nitrite in plasma of patients with bipolar 
disorder.51 The iNOS might be contributed to an increase 
in the L-arginine levels in brain following CVS via 
inhibition of arginase in both mitochondria and 
cytoplasm. 
It should be noted that arginine and lysine, a potent 
inhibitor of arginase52 suppress glutamatergic neuronal 
activity in vivo directly via block the ion channels or 
indirectly through activation of non-glutamate receptors 
or via adjacent inhibitory interneurons.53 Elevated 
cytoplasmic arginine levels in brain regions may affect a 
creatine/phosphocreatine pool, because creatine 
transporters, localized on inner and outer mitochondrial 
membrane fractions are inhibited by arginine (and to 
some extent also by lysine) but not by other creatine 
analogues and related compounds.54 Moreover, NO may 
potentially de-energise mitochondria via inhibition of 
creatine kinase, as well as such mitochondrial enzymes as 
aconitase and cytochrome c oxidase.55 Acute arginine 
administration induces oxidative stress and compromises 
energy metabolism in rat hippocampus and the inhibition 
of Na(+),K(+)-ATPase activity caused by this amino acid 
was probably mediated by NO and/or its derivatives 
ONOO(-) and/or other free radicals.56 Notably, the 
reduction of creatine kinase activity in cerebellum of rats 
caused by arginine was probably mediated by NO and/or 
its derivatives peroxynitrite and other reactive oxygen 
species.57 All these processes leading to mitochondrial 
disfunction and energy impairment are involved in the 
pathophysiology of some psychiatric disorders like 
depression, bipolar disorder etc.13  
At the same time, CVS down-regulated the 
hypothalamic mtcNOS and cytoplasmic cNOS in all the 
brain regions studied. It is not excluded also that iNOS-
derived NO may inhibit cNOS through a formation of 
stable inhibitory ferrous nitrosyl complexes in case of 
iNOS it appears weak.58,59 Inhibition of cNOS, i.e. nNOS 
and eNOS could affect central release of 
neurotransmitters and messengers and cerebral 
haemodynamics, respectively.9,60 Pharmacologic studies 
suggest that administration the nNOS inhibitors could 
reduce locomotor activity in rodents.61 Moreover, NO 
produced by nNOS inhibits neural progenitor cells 
neurogenesis in the subgranular zone of the dentate gyrus 
(generate neurons in the hippocampus),62 whereas, NO 
from iNOS may stimulate neurogenesis.63 Pathogen 
recognition by a particular TLR results in a cascade of 
events starting with the activation of the nuclear 
 
 
 
Figure 7. Subcellular changes in the levels of L-arginine 
and L-citrulline in the rat hippocampus following CVS. 
Data are expressed as M ± SEM, n=18, statistical 
comparisons made by one way ANOVA followed by the 
Holm-Sidak test. Differences are considered significant if 
p< 0.05. # p >0.05,* p <0.05,** p <0.01,*** p <0.001.  
 
 
 
 
 
 
Figure 8. Subcellular changes in the levels of L-arginine 
and L-citrulline in the rat hypothalamus following CVS. 
Data are expressed as M ± SEM, n=18, statistical 
comparisons made by one way ANOVA followed by the 
Holm-Sidak test. Differences are considered significant if 
p< 0.05. # p >0.05,* p <0.05,** p <0.01,*** p <0.001.  
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(transcription) factor-kappaB (NF-κB) signalling system 
and resulting in increased cytokine production and T cell 
activation.64 cNOS-derived NO stabilizes inhibitory 
complex NF-κB thereby reducing the release of 
proinflammatory cytokines, while iNOS/NO counteracted 
the process.65 Opposite changes in the activity of distinct 
NOSs following CVS-induced depression, reflected 
differences in their contribution to the pathological 
processes involved in depression. 
Conclusion 
Our findings indicate that depression-like behavior of 
rats exposed to CVS is accompanied by significant 
changes in microbial composition of the gut, a reduced 
number of obligate beneficial microbes and enhanced 
growth of opportunistic pathogens S. aureus and C. 
albicans and their translocation the BBB that might be a 
likely cause of compromised L-arginine metabolism in 
cytoplasmic and mitochondrial compartments of the brain 
regions involved in chronic stress response. We have 
shown for the first time that CVS-induced depression-like 
behaviour of rats accompanied with a persistent activation 
the iNOS in mitochondria of the cortico-limbic brain 
regions, and in cytoplasm of the hypothalamus, while the 
cNOS activity in mitochondria was not significantly 
changed, with exception for the hypothalamic mtcNOS 
which reduced twice. We have found a concomitant 
down-regulation cNOS in cytoplasm of all the brain 
regions studied and a long-term up-regulation iNOS in 
cytoplasm of the hypothalamus in CVS-treated rats. 
Opposite changes in the subcellular activity of distinct 
NOSs appear to be involved in the metabolic perturbation 
in L-arginine metabolism and mitochondrial dysfunction 
leading to disturbances in neurotransmission, 
hemodynamic and energy impairment, pathophysiological 
pathways relevant to depression. We emphasize a role of 
gut microbiota in the persistent activation the 
mitochondrial iNOS in cortico-limbic brain and therefore 
the importance of origin the mitochondrial dysfunction 
involved in the pathological processes manifested during 
chronic stress-induced depression. This study would be 
helpful in understanding both brain-gut-microbiota 
communications and related intracellular processes in the 
brain at depression, and therapeutic targeting of 
microbiome and nitrergic response might be included in 
future strategies in prevention and treatment of 
depression/anxiety.  
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SYNTHESIS AND CHARACTERISATION OF 4-(4-NITRO-
BENZENEAZO)-3-AMINOBENZOIC ACID COMPLEXES WITH 
Y(III) AND La(III) IONS   
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Coupling reaction of 4-nitroaniline with 3-aminobenzoic acid provided the corresponding bidentate azo ligand. The prepared ligand was 
identified by Microelemental Analysis, 1H-NMR, FT-IR, and UV-Vis spectroscopic techniques. Treatment of the prepared ligand with Y(III) 
and La(III) metal ions in 1:3 M:L ratio in aqueous ethanol at optimum pH yielded a series of neutral complexes with the general formula of 
[M(L)3]. The prepared complexes were characterized by flame atomic absorption, Elemental Analysis (C, H, N), FT-IR, and UV-Vis 
spectroscopic methods, as well as conductivity measurements. The nature of the complexes formed were studied following the mole ratio 
and continuous variation methods; Beer's law obeyed over a concentration range of 1·10–4 – 3·10–4 M. High molar absorbtivity of the 
complex solutions were observed. In addition, the dyeing performance of the prepared ligand and their complexes were investigated on 
cotton fabric. The dyes were tested for light and detergent fastness. Biological activity of the ligand and complexes against three selected 
types of bacteria were also examined. Some of the complexes exhibited good bacterial activities.  
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Introduction 
Azo compounds present a very important class of 
chemical compounds, receiving attention in scientific 
research.1 They are highly coloured and have been used as 
dyes and pigments for a long time. 2 ,3  Synthetic dyes are 
produced in large amounts and are used in different 
industrial branches including the textile industry. 4  After 
processing, the excess of dye remains in the effluent, which 
must be treated before releasing into the environment.5 The 
development of azo dyes with new structure has been a 
subject of interest, and many of these novel dyes are useful 
in commercial applications, for example in producing 
polyester, polyamide or polyacrylic fibres as well as their 
blends with other fibres. 6  Azo containing polymers, 
macromolecules with azo groups in the main chain or side 
chain polymers with azobenzene moiety, have good stability 
and usually show high glass transition temperature (Tg). 
Introducing azobenzene linkages in the polymeric main 
chain can improve thermal stability and allow application as 
an engineering plastic. 7  Azo compounds have a great 
biological activity as well as industrial importance. 8 
Biological importance of azo compounds is well known for 
their use as antineoplastics, antidiabetics, antiseptic and 
other useful chemotherapeutic agents. It has been found that 
the activity of the azo linkage increases upon the 
incorporation of suitable heterocyclic moiety. 9  Metal 
complexes of azo compounds containing hetroaryl ring 
systems find various applications. These types of molecules 
have several advantages, for example the azo group is 
photocromic, redox responsive, and pH-sensitive.10 In this 
work, we present the synthesis of an azo dye derived from 
4-nitro-aniline as diazo component and 3-amino-benzoic 
acid as coupling agent. Complexes of this ligand with 
selected metal ions have also been studied and characterized 
physicochemically.  
Experimental 
Instrumentation 
UV-Vis spectra were recorded on a Shimadzu UV-160A 
Ultraviolet-Visible Spectrophotometer. IR spectra were 
taken on a Shimadzu FT-IR-8400S Fourier Transform 
Infrared Spectrophotometer in the 4000–400 cm-1 spectral 
region with samples prepared as KBr discs. Atomic 
absorption was obtained using a Shimadzu A.A-160A 
Atomic Absorption/Flame Emission Spectrophotometer. 
The 1H-NMR spectra were recorded on a Brucker-300 MHz 
Ultra Shield spectrometer at the University of Al-al-Bayt 
using DMSO as the solvent and TMS as the reference. 
Microelemental analysis (C, H, N) were performed at the 
Al-al-Bayt University, Jordan, using Euro vector EA 3000A 
Elemental Analyser. Conductivities were measured for 10–3 
M solutions of complexes in ethanol at 25 ºC using Philips 
PW-Digital Conductimeter. In addition, melting points were 
obtained using Stuart Melting Point Apparatus. 
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Materials and Reagents 
The following chemicals were used as received from 
suppliers: lanthanum chloride nonahydrate (98.8%) and 
yttrium nitrate pentahadrate (99.9%) (Merck), 4-nitroaniline 
and 3-aminobenzoic acid (B. D. H).  
Preparation of the Ligand 
According to a known general method, 11  4-nitroaniline 
(0.342 g, 1 mmole) was dissolved in a mixture of  sulphuric 
acid (2 ml), ethanol (10 ml) and  distilled water (10 ml), and 
diazotized at 5 ºC with sodium nitrite solution. The diazo 
solution was added dropwise with stirring to a cooled 
ethanolic solution of 3-amino-benzoic acid (0.345 g, 1 
mmole). 25 ml of 1 M sodium hydroxide solution was then 
added to the dark coloured mixture. The precipitate was 
filtered off and washed several times with 1:1 ethanol:water 
mixture, then left to dry. The reaction is shown in Scheme 1, 
while Table 1 describes the physical properties and elemen-
tal analysis. 
 
 
Scheme 1. Synthesis of the azo ligand 
Buffer Solution 
Buffer solutions, covering the pH ranges of 4–9, were 
prepared as 0.01 M solutions of ammonium acetate in 
distilled water. The required pH was obtained by the 
addition of either ammonia solution or glacial acetic acid. 
Metal Salt Solutions 
A range of concentrations (1·10–5 - 1·10–3 M) of the metal 
salt solutions were prepared by dissolving the appropriate 
weight of the metal salt in the buffer solutions. 
Ligand Solution 
The ligand solution was prepared by dissolving the 
required weight of the ligand in ethanol in a range of 
concentrations similar to that of the metal salt solutions. 
Dyeing Method 
The dyeing properties of the prepared ligand and their 
complexes were tested on "Hilla-Fine Textile State 
Company" using the Azoic Dyes Method. Dyes were 
applied on cotton fabric as 1% shade. The dyeing of the 
fabric was done at 15–20 ºC for 1 h, and at pH 10. 
Study of Biological Activity 
Three selected types of bacteria used include Escherichia 
Coli (E. Coli) as Gram Negative Bacteria, Staphylococcus 
Aureus (Staph. Aurous) as Gram Positive Bacteria and 
Pseudomonas Aeruginosa (Ps. Aeruginosa) in Neutrient 
Agar medium, using DMSO as a solvent and as a control, 
the concentration of the compounds in this solvent was 10–3 
M, using disc sensitivity test. This method involves the 
exposure of the zone of inhibition toward the diffusion of 
micro-organism on agar plate. The plates were incubated for 
24 hrs at 37 ºC. 
Preparation of metal complexes (general procedure)  
An ethanolic solution of the ligand (0.286 g,3 mmole) was 
added gradually with stirring to 0.120 g and 0.134 g of 
Y(NO3)3·5H2O and LaCl3·9H2O, respectively, dissolved in 
the buffer solution with the required pH. The mixture was 
cooled until dark colour precipitate was formed, filtered, and 
washed several times with 1:1 water:ethanol mixture, then 
with acetone. 
 
Table 1. Physical Properties and Elemental Analysis of the Complexes. 
Compounds Colour M.P. 
ºC 
Yield 
% 
Analysis Calculated (Found) 
M % C % H % N % 
Ligand (L) Orange  224 77 - 54.54 
(53.65) 
3.49 
(3.21) 
19.58 
(18.53) 
[Y(L)3] Deep brown >360 83 9.43 
(8.63) 
49.57 
(48.28) 
2.86 
(2.15) 
17.90 
(16.83) 
[La(L)3] Red >360 87 13.98 
(12.86) 
47.08 
(46.73) 
2.71 
(2.07) 
16.90 
(15.53) 
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Results and Discussion  
The ligand was prepared by coupling 3-aminobenzoic 
acid with the approppriate diazotate in alkaline solution. 
The ligand is sparingly soluble in water, but soluble in 
organic solvents, and stable toward air and moisture. 
The synthesized ligand was characterized by 1H-NMR, 
FT-IR, Elem. Anal. (C, H, N), and UV-Vis spectroscopic 
technique. The 1H-NMR spectrum of the 4-(4-nitro-
benzene azo)-3-aminobenzoic acid in DMSO (Figure 1) 
shows multiplet signal at δ= 6.617–8.431 ppm, which 
refers to aromatic protons.12 The signal at δ= 12.075 ppm 
appears due to the hydrogen atom of the carboxylic 
group.13 The signal at δ= 3.887 ppm is assigned to δ(NH2) 
and the signal peak at δ= 2.50 ppm is referred to DMSO-
d6.14 
 
 
 
 
 
Figure 1. 1H-NMR spectrum of the azo ligand. 
The UV-Vis  spectrum of an ethanolic solution of the 
ligand (10–3 M) displays mainly three peaks, the first and 
second peaks were observed at 251 nm  and  242 nm and 
were assigned to the moderate energy π-π* transition of 
the aromatic rings (see Figure 2). The third peak was 
observed at 438 nm (λmax) and was assigned to the π-π* 
transition of the intermolecular charge-transfer taken 
place from benzene through the azo group (-N=N).15  
 
 
 
 
 
 
 
Figure 2. UV-Vis spectra of the solution containing the free 
ligand, L (a), and the LaIII–L mixed solution (b). 
Interaction of the metal ions (YIII and LaIII) with the 
prepared ligand has been studied in solution; an aqueous- 
ethanolic solution was always prepared over wide molar 
concentration and acidity range. Colours of these mixed 
solutions were varied from brown to red.  
The interaction of the metal ion with the ligand 
manifests itself in the absorption spectra by the 
appearance of two peaks at 589 nm and 563 nm. A great 
bathochromic shift in the visible region was detected in 
spectra of solutions of complexes with respect to that of 
the free ligand. The high shift in the absorption maximum 
(λmax) gave a good indication for complex formation. 
Figure 2 shows a comparison between spectra of the 
ligand and LaIII mixed solutions. 
From the wide studied range of molar concentrations 
(10–5-10–3 M) of the mixed solutions, only concentrations 
in the range of 10–4 M obey the Lambert-Beer's law, and 
only these solutions showed intense colour. A calibration 
curve was fitted to data points in the range of 1·10–4 - 
3·10–4 M, which shows absorbance against molar 
concentration (Figure 3). Best fit straight lines were 
obtained with correlation factor of R>0.998. 
 
 
 
 
 
 
 
 
Figure 3. Linear correlation between molar concentration and 
absorbance. 
The optimal concentration was chosen for complex 
solutions, and it was observed that the absorption 
maximum (λmax) remained the same at different pH values. 
The influence of pH was also studied in the pH range of 
4-9, and the absorbance–pH curves for each metal ion 
measured at λmax are plotted in Figure 4. Figure 4 shows 
selective pH-absorbance curves. The plateaus of the 
curves represent the completion of the reaction and 
consequently represent the optimum pH value. 
 
 
 
 
 
 
Figure 4. Effect of pH on absorbance (λmax) for complexes. 
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The composition of complexes formed in solutions has 
been established by mole ratio and job methods. In both 
cases the results reveal a 1:3 metal to ligand ratio. A 
selected plot is presented in Figure 5. 
 
 
 
 
 
 
Figure 5. Mole ratio and Job methods for complexes’ solutions. 
Table 2 summarizes the results obtained, as well as 
conditions for the preparation of the complexes.  
The solid complexes have been prepared by direct 
reaction of alcoholic solution of the ligand with the 
aqueous solution of the metal ions at the optimum pH and 
in a M:L ratio of 1:3. The result of C.H.N analysis and the 
metal content of these complexes were in good agreement 
with the calculated values.  
The molar conductance of 10–3 M ethanolic solutions of 
these complexes indicated their non-electrolytic nature;16 
data are presented in Table 2. The UV-Vis spectra of the 
prepared complexes dissolved in ethanol (10–3 M) have 
been measured and the data obtained are included in 
Table 2. The large bathochromic shift of the absorption 
maximum (λmax), assigned to (π-π*) transition of the 
ligand, suggests the involvement of the ligand in the bond 
formation with the metal ion. 
In order to study the bonding mode of the ligand with 
the metal ions, the FT-IR spectra of the free ligand and 
the prepared complexes have been compared, and data are 
tabulated in Table 3. The IR spectrum of the ligand 
(Figure 6) exhibited broad band at 3379 cm–1, which was 
assigned to the stretching vibration of ν(OH) group. This 
band was absent in the spectra of all prepared complexes, 
which indicated deprotonation and involvement of the 
enol oxygen in chelation.17,18 The bands at 3296 cm–1 and 
3116 cm–1 appears due to the stretching mode of ν(NH2). 
Since no change in these bands was noticed, the 
possibility that coordination occurs via the coordination 
of nitrogen atom of this group was excluded. 19  A 
significant change in the intensity and in position to lower 
wavenumbers was observed on complexation with metal 
ion for the strong band in the spectrum of the free ligand 
at 1666 cm–1, which appears due to νas(COO) asymmetric 
vibration (Figure 7). The band at 1558 cm–1 in the 
spectrum of the ligand, which was assigned to the 
νs(COO) symmetric vibration, suffered a great change to 
higher wavenumber on complexation with metal ion.20,21 
Band characteristic of the azo bridge vibration at 1489 
cm–1 shifted to lower frequency with change in shape in 
spectra of complexes, which is an indication of the 
engagement of this group in the coordination with the 
metal ion.22,23 The appearance of new bands in the region 
of 470-578 cm–1 are tentatively assigned to ν(M-N) and 
ν(M-O) (Metal-Ligand) stretching bands.24,25 
 
 
 
 
 
 
 
Figure 6. FT-IR Spectrum of the Ligand. 
 
 
 
 
 
 
 
Figure 7. FT-IR Spectrum of [Y(L)3] Complex.  
Table 2. Conditions for the preparation of complexes, and data of UV-Vis and conductance measurements. 
Compounds Optimum 
pH 
Optimum 
Molar Conc. 
(·10–4) 
M:L 
ratio 
λmax 
(nm) 
ABS Єmax 
(L·mol–1·cm–1) 
Λm 
(S·cm2·mol–1)  
in absolute ethanol 
Ligand (L) - - - 438 2.232 2232 - 
[Y(L)3] 7 2.5 1:3 589 1.598 1598 26.42 
[La(L)3] 6.5 2 1:3 563 2.221 2221 27.13 
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Table 3. The main experimental wavenumbers of the ligand and their complexes (in cm–1). 
Compounds ν (OH) ν(NH2) νas(COO) νs(COO) ν(-N=N-) ν (M-N) ν (M-O) 
Ligand(L) 3379 br 
 
3296 br 
3116 sh 
1666 s 
 
1558 sh 1489 sh - - 
[Y(L)3] - 3294 s 
3116 s 
1651 sh 
 
1597 s 1479 s 578 w 475 w 
[La(L)3] - 3292 s 
3114 s 
1656 s 
 
1570 sh 1471 sh 560 w 470 w 
br = broad,  s= strong, , sh = sharp, w = weak, as=asymmetric , s=symmetric 
According to the results obtained, an octahedral 
structure has been tentatively suggested to these 
complexes (Scheme 1). 
 
 
 
 
 
 
 
Scheme 1 
The dyeing performance of the prepared ligand and 
their complexes was assessed on cotton fabric. The dyes 
were tested for light and detergent fastness. Thus all dyes 
showed very good dyeing properties, and they provided 
colours as orange, brown, and red with good brightness 
and depth on the fabric. Some of the dyeings are shown in 
Figure 8. 
 
 
 
 
 
 
 
 
 
 
Figure 8. Samples of the textiles’ dyeings prepared by using the 
ligand and its complexes. 
Finally, the biological activities of the ligand and their 
complexes have also been tested against selected type of 
bacteria; the zone of inhibition of bacterial growth around 
the disc is presented in Figure 9. Table 4 shows the 
deactivation capacity against the bacteria specimen of the 
prepared compounds under study. The results show that 
the La-complex has a relatively strong deactivating 
capacity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Inhibition zone of bacterial growth.  
 
Table 4. Diameters (mm) of deactivation of bacteria for the 
ligand and its complexes. 
Compounds Staphylococcus 
Aurous 
Escherichia 
Coli 
Pseudomonas 
Aeruginosa 
Ligand(L) – – ++ 
[Y(L)3] – – ++ 
[La(L)3] ++ – ++ 
(–) = no inhibition, (+) = inhibition diameter (6-8) mm, (++) = 
inhibition diameter (8-10) mm. 
N
O
O
O N
M
N
Ligand
Ligand
L
igan
d
M
+3
 = Y, La
(A)  
Staphlococcus aureus 
 
1 – ligand (L) 
2 – [Y(L)3] complex 
3 – [La(L)3] complex 
4 - solvent 
(B)  
Esherichia coli 
 
1 – ligand (L) 
2 – [Y(L)3] complex 
3 – [La(L)3] complex 
4 - solvent 
(C)  
Psedomonas aeruginosa 
 
1 – ligand (L) 
2 – [Y(L)3] complex 
3 – [La(L)3] complex 
4 - solvent 
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CORROSION RESISTANCE OF 18 CARAT GOLD IN 
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Corrosion resistance of two metals namely 18 carat gold and mild steel (MS) has been evaluated in artificial saliva in the presence of D-
glucose. Potential dynamic polarization study has been used to investigate the corrosion behaviour of two metals. The order of corrosion 
resistance of metals in artificial saliva in the presence of D-glucose is 18 carat gold > MS. The decrease order of corrosion resistance of 
metals in artificial saliva only is: 18 carat gold>mild steel 
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INTRODUCTION 
Corrosion is a natural, spontaneous and 
thermodynamically favourable process. One of the most 
important problems caused by the defects in the components 
of implants and their manufacturing process is corrosion. 
Corrosion can be defined as the destruction of a certain 
substance, especially metal, in reaction with the 
environment.  
In dentistry, metallic materials are used as implants in 
reconstructive oral surgery to replace a single teeth or an 
array of teeth or in the fabrication of dental prostheses such 
as metal plates for complete and partial dentures, crowns 
and bridges, essentially in patients requiring hypoallergenic 
materials.1 Corrosion of metallic implants is of vital 
importance, because it can adversely affect the bio-
compatibility and mechanical integrity of implants. Many 
metals and alloys have been used in dentistry.2 
Corrosion resistance of metals and alloys in various body 
fluids such as Artificial Saliva,3-9 Artificial Sweat,10-12 
Artificial Urine, 13-15 Ringer Solution 16-18 and blood plasma 
19-20 has been investigated. 
The present work was under taken to study the corrosion 
behavior of 18 carat gold and ms in artificial saliva in the 
presence of 100 ppm and 200ppm D-glucose, by a 
polarization study corrosion parameters such as corrosion 
potential, corrosion current, linear polarization resistance 
have been derived from these studies. 
 
Medium 
Usually corrosion behaviour metals and alloys have been 
studied in artificial saliva where composition is given Table 
1. 
Table 1. Composition of artificial saliva used as the electrolyte.3-9           
Content Quantity gL-1 
KCl 0.4 
NaCl 0.4 
CaCl2.2H2O 0.906 
NaH2PO4.2H2O 0.690 
Na2S.9H2O 0.005 
Urea 1 
In electrochemical studies, the metal specimens were used 
as working electrodes. Artificial saliva was used as the 
electrolyte. Commercially available D-glucose [Indian 
pharmacopeia’s grade] was used in this study. 100 and 200 
ppm of D- glucose was used in artificial saliva. 
MATERIALS AND METHODS 
The 18 carat gold and ms where used in the present study. 
Their composition is given in Table 2 and 3.  
Table 2. Composition of 18 carat gold21 
Gold 75% 
Copper 5-15% 
Silver 10-20% 
Table 3. Composition of mild steel2, 10,22 
Sulphur 0.026% 
Phosphorous 0.06% 
Manganese 0.4% 
Carbon 0.1 % 
Iron Balance 
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Table. 4 Corrosion parameters of metals immersed in AS in the presence of D-glucose, obtained by polarization study. 
Polarization study 
Polarization studies were carried out in a CHI-
Electrochemical work station with impedance, Model 660A. 
A three electrode cell assemblies was used. The working 
electrode was one of the three test materials. A saturated 
calomel electrode [SCE] was the reference electrode and 
platinum was the counter electrode.  From the polarization 
study corrosion parameters such as corrosion potential (Ecorr), 
liner polarization resistance (LPR), corrosion current (Icorr) 
and Tafel slopes (anodic= ba and cathodic = bc) were 
calculated. 
RESULT AND DISCUSSION 
Corrosion resistance of two metals namely mild steel and 
18ct gold in AS in the presence of D-glucose has been 
investigated by polarization study. Polarization study has 
been used to investigate the formation of protective film 
formed on the metal surface during corrosion process. If 
Corrosion resistance increases, linear polarization (LPR) 
value increases and corrosion current (Icorr) decreases.17,22-40 
The corrosion parameters of mild steel and 18 carat gold 
immersed in artificial saliva (AS) are given in Table 4. 
Figure 1. Polarization curve of ms immersed in artificial saliva 
(AS) 
Corrosion behaviour of metals in AS containing D-
glucose 
Mild steel (MS) 
When mild steel is immersed in artificial saliva, LPR 
value is 15943Ωcm2, and corrosion current is 2.819x10-6A 
cm-2and corrosion potential is -549mVvs SCE. When  
 
 
 
mild steel is immersed in artificial saliva in presence of 100 
ppm and 200 ppm D-glucose LPR value is 13787Ωcm2 and 
15309Ωcm2, the corrosion current is 2.644x10-6A cm-2 and 
2.412x10-6A cm-2. It is interesting to note that in the 
presence of D-glucose, the Linear Polarization Resistance 
value (LPR) increased. It seems that a protective layer 
(probably iron glucose complex and oxides of iron) had 
formed on the metal surface. 
It is observed for Table 4 that corrosion resistance of ms 
in artificial saliva decreases when D-glucose is added. 
However it is noted that as the concentration of D-glucose 
increases, the corrosion resistance of ms increases.  
 
Metal System 
Ecorr ,  
mV vs SCE 
bc,                    
mV decade-1 
ba,  
mV decade-1 
LPR, 
 ohm cm2 
Icorr,  
A cm-2 
mild steel AS -549 177 248 15943.4 2.819x10-6 
 AS+100ppmD-glucose -564 123 262 13787.1 2.644x10-6 
 AS+200ppmD-glucose -562 127 253 15309.6 2.412x10-6 
gold 18 AS -20 104 434 928374.9 3.952x10-8 
 AS+100ppmD-glucose -20 112 681 1094619.5 3.831x10-8 
 AS+200ppmD-glucose -18 120 526 1271961.1 3.346x10-8 
 
Figure 2. Polarization curve of ms immersed in AS + 100 
ppm D-glucose  
 
Figure 3. Polarization curve of ms immersed in AS + 
200ppm D-glucose  
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18 carat gold 
When 18 carat gold is immersed in AS LPR value is 
928374Ωcm2, corrosion current is 3.952x10-8 A cm-2 and  
 
Figure 4. Polarization curve of 18 carat gold immersed in AS  
 
Figure 5. Polarization curve of 18 carat gold immersed in AS + 
100ppm D-glucose  
 
 
Figure 6. Polarization curve of 18 carat gold immersed in AS  
+200 ppm D-glucose  
corrosion potential is -20mVvs SCE. But in the presence 
100 and 200 ppm D-glucose LPR value is (1094619Ωcm2 
and 1271961Ωcm2) increased corrosion current is decreased 
(3.831x10-8 A cm-2 and 3.346 x10-8 A cm-2). It is observed 
that the corrosion potential shifted to the anodic side. It is 
indicated that 18 carat gold is more resistant than mild steel. 
So 18 carat gold nobler than mild steel, due to the formation 
of passive flim on the metal surface. 
It is well known to everyone that mild steel should not be 
implanted in inside the body, because it will undergo 
corrosion due to the electrolytes present in AS. However in 
the present study, mild steel is used just for comparison.  
CONCLUSION 
The corrosion behaviour of two metals namely mild steel 
and 18 carat gold has been studied in artificial saliva in the 
presence of D-glucose. This is due to the variation in 
composition of various types of gold. Corrosion resistance 
of metals in AS is in the decreasing order: 18 carat 
gold>mild steel 
In the absence of D-glucose (in presence of AS only) the 
decreasing order of Corrosion resistance of metals is: 18 
carat gold>mild steel 
ACKNOWLEDGEMENT 
The authors of thankful to their Managements and 
St.Joseph’s Research and Community Development Trust, 
Dindigul for their help and encouragement. 
REFERENCES 
1Vieira, A. C.,  Ribeiro, A. R.,  Rocha, L. A., Celis, J. P., Wear.,  
2006,  261, 994. 
2Rajendran, S., Uma, V., Krishnaveni, A.,  Jeyasundari,  J., 
Shyamaladevi, B.,  Manivannan, M.,  The Arab. J . Sci. Eng., 
2009,  34, 147. 
3Rajendran, S., Paulraj, J., Rengan, P., Jeyasundari, J., Manivannan, 
M., J. Dentistry oral Hyg ., 2001, 1, 001. 
4  Terumikadowaki, N., Santana Martinez, G. A., Robin, A., Mate. 
Res ., 2009, 12, 363.  
5Zhang, B. B.,  Zheng,Y. F., Liu, Y., Dental Mater ., 2009, 25, 672. 
6Meyer, J. M.,  Corros. Sci ., 1997, 17, 971. 
7Al-Hity, R. R., Kappert, H. F., Viennot, S., Dalard, F., Grosgogeat, 
B., Dental Mater .,2007, 23, 679 
8Reclaru, L., Luthy, H., Eschler, P.-Y., Blatter, A., Susz, C., 
Biomater ., 2005, 26, 4358. 
9Kocijan, A., Merl, D., Jenko, M.,  Corros. Sci.,  2011, 53, 776. 
10 Rathish, R. J.,   Rajendran, S.,  Christy, J. L.,  Devi, B. S., 
Johnmary, S., Manivannan, M., Rajam, K., Rengan, P.,    
Open Corros. J., 2010, 3, 38. 
11Randin, J.- P.,  J. Biomed. Mater. Res., 1988, 22(7),  649 
12 Rezic, I., Curkovic, L., Ujevic, M.,  Corros.Sci ., 2009, 51, 1985. 
13  Kajzer, W., Krauze, A., Walke, W., Marciniak, J., J. Achiev. 
Mater. Manuf. Engg ., 2006, 18, 115.  
14  Kajzer, W., Kaczmarek, M., Kralze, A., J. Achiev. Mater. Manuf. 
Engg .,  2007, 20, 123.   
15 Kajzer, W., Krauze, A., Walke, W., Marciniak, J., J. Achiev. 
Mater. Manuf. Engg ., 2008, 31, 247.  
16  Satendra, K.,   Narayanan, T. S. N. S., Ganesh, S., Raman, S.,     
Seshadri, S.K., Mater, Chem. Phys ., 2010, 119, 327.  
17 Agiladevi, S., Rajendran, S., Jeyasundari, J., Pandiarajan, M., 
Eur. Chem. Bull ., 2013, 2(2), 84. 
18 Satendra, K.,   Narayanan, T. S. N. S., Ganesh, S., Raman, S., 
Seshadri, S. K., Corros. Sci ., 2012, 52, 711.   
19 Faszenda, Z., Waske, W., Ziebowic, Z., J. Achiev. Mater. Manuf. 
Engg ., 2007, 28, 293.   
20 Quach, W. C., Schmutz, P., Eur. Cells. Mater., 2007, 14, 4. 
Corrosion resistance of gold (18 carat) in saliva in presence of D-glucose      Section B-Research Paper 
Eur. Chem. Bull. 2013, 2(6), 389-392    DOI: 10.17628/ecb.2013.2.389-392 392 
21 Raykhtsaum, G., Agarwal, D. P., Gold Tech ., 1997, 10, 26.  
22Pandiarajan, M., Rajendran, S., Eur. Chem. Bull ., 2012, 1(7), 
238.  
23Rajendran, S., Chitradevi, P., Johnmary, S., Krishnaveni, A., 
Kanchana, S., Lydiachristy, J ., Zastit Mater ., 2010, 51, 149. 
24Rajendran, S., Joany, R. M., Apparao, B. V., Palaniswamy, N., 
Indian J. Chem. Technol ., 2002, 9, 197.  
25Mary Anbarasi, C., Rajendran, S., Chem. Engg. Comm ., 2012, 
199, 1596.  
26 Rajendran, S., Sribharathy, V., Krishnaveni, A., Jeyasundari, J., 
Sathyabama, J., Muthumegala, T .S., Manivannan, M,  Zastit 
Mater ., 2011, 52(3), 163  
27 Leema Rose, A., Selvarani, F. R, Arab. J. Sci. Engg ., 2012, 37, 
1313 . 
28 Sribharathy,V., Rajendran,S., Chem. Sci. Rev. Lett ., 2012, 1, 25. 
29 Rajendran, S., Apparao, B.V., Palaniswamy, N., Anti – Corros. 
Methods Mater.,  2000, 47, 359.  
30Kalman, E., Varhegyi, B., Felhosi, I., Karman, F.H., Shaban, A., 
J. Electrochem. Soc ., 1994, 141, 3357.  
31 Rajendran, S., Apparao, B. V., Palanisamy, N., Anti-Corros, 
Methods. Mater ., 2000, 49, 205. 
32 Sribharathy, V., Rajendran, S.,  J. Electrochem. Sci. Engg ., 2012, 
2, 121. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
33 Hariharaputhran, R., Subramanian, A., Antony, A. A., 
Manishankar, P., Vasudevan, T., Iyer, S .V., Anti-Corrs. 
Methods. Mater ., 1999, 46, 35. 
34 Ameer, M. A., Khamis, E.,  Al-Motlaq, M., Corros. Sci ., 2004, 
46, 2825. 
35 Mary Anbarasi, C., Rajendran, S.,  J. Electrochem. Chem. Sci. 
Engg., 2012, 2 (1), 1 
36 Nagalakshmi, R., Rajendran, S., Sathiyabama, J., Pandiarajan, 
M., Christy, J. L., Eur. Chem. Bull ., 2013, 2(4), 150. 
37 Thangam, Y. Y., Kalanithi, M., Anbarasi, C., Rajendran, S., 
Arab. J. Sci, Eng ., 2009, 34, 49. 
38Rajendran, S., Anuradha, K., Kavipriya, K., Krishnaveni, A., 
Thangakani, J. A.,  Eur. Chem. Bull ., 2012, 1(12), 503. 
39Vijaya, N., Regis, A.P.P., Rajendran, S., Pandiarajan, M., 
Nagalakshmi, R., Eur. Chem. Bull ., 2012, 2(5), 275. 
40 Thangakani, J. A., Rajendran, S., Sathiyabama, J., Christy, J. L 
Suriya Prabha, A.,  Pandiarajan, M., Eur. Chem. Bull .,  
2013, 1(5), 265.  
 
 
Received: 31.12.2012. 
Accepted: 16.02.2013. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corrosion resistance of gold (18 carat) in saliva in presence of D-glucose      Section B-Research Paper 
Eur. Chem. Bull. 2013, 2(6), 389-392    DOI: 10.17628/ecb.2013.2.389-392 393 
 
A review on the effects of asphaltenes on petroleum processing          Section D-Review 
Eur. Chem. Bull. 2013, 2(6), 393-396                       DOI: 10.17628/ecb.2013.2.393-396  393 
A REVIEW ON THE EFFECTS OF ASPHALTENES ON 
PETROLEUM PROCESSING 
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Asphaltene is one of the constituents of crude oil that plays an important role in the physical behaviour of crude oil. It precipitates and 
deposits on the surface of equipments that are used to process crude oil and this is because asphaltene is the solid constituent of crude oil 
that contains a high percentage of Carbon, Nitrogen, Oxygen and Sulphur. The composition of asphaltene is yet to be fully explored due to 
the fact that it has a complex molecular structure. Several scholars have done research on the asphaltene content of crude oil, but this one 
concentrates on the effects that asphaltene has on the production and processing of petroleum.  
In this research paper, we highlighted past and current works and findings on the effect of asphaltenes on petroleum processing. 
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Introduction 
Crude oil is a mixture of hydrocarbons that can exist in 
solid, liquid or gaseous form. In most cases, it is found in 
reservoir in liquid or gaseous form. It is also a naturally 
occurring brown to black flammable liquid.2,20Crude oil is 
formed when biodegradable organic materials settle at the 
bottom of a large body of water (sea or ocean) where 
there is insufficient amount of oxygen to aid 
decomposition. It was first discovered in the world at the 
ancient region of Mesopotamia where it formed pools on 
the surface of the earth.  
As technology became more advanced, oil wells were 
dug in order to produce crude oil in large quantity that 
can sustain the economy of a nation. The first oil well 
was struck at Titusville in Pennsylvania by Colonel Drake 
in 1859 and this led to the production of the first 
combustion engine in 1897. This resulted to a very high 
demand in crude oil around the world.17  
The countries of the world are divided into developed 
and underdeveloped economy. The developed countries 
are those that consume high amount of energy to sustain 
their development while the underdeveloped countries 
consume less energy for the same purpose. Therefore, 
these countries are either oil producers or consumers. For 
example, Saudi Arabia is the world’s largest producer of 
crude oil and United States of America is the world’s 
largest consumer of oil. The Chinese economy is one of 
the economies of the world that changed from being an 
oil producer to an oil importer because of their high 
energy consumption.12Crude oil is now the major source 
of energy in the world. The chart below shows the proved 
oil reserve in the world. 
Crude oil is generally made up of hydrocarbons that 
exist as a mixture and they can be separated into different 
components that include naphtha, kerosene, diesel, 
bitumen, etc.15,22 These components are made up of 
mainly carbon and hydrogen but there are also some 
traces of oxygen, nitrogen and sulphur that can also be 
found in crude oil. There are also aromatic constituent of 
crude oil and they include benzene, toluene and xylene 
which are also known as BTX.4  
Basically, the presence of asphaltene in crude oil has 
more disadvantages than advantages. One of these 
disadvantages is the ability of asphaltene to block 
pipelines that are used to transport crude oil and also 
increase the viscosity of petroleum. Asphaltene content of 
crude oil is one of those factors that increase the time 
required to distill crude oil. The determination of sulphur 
content in Crude oil is important because the amount of 
sulphur indicates the type treatments required for the 
distillates.20Most of the crude oil found in different parts 
of the world have high sulphur content but the Nigerian 
crude oil is sulphur free and this is the reason why it is 
called sweet crude oil. Asphaltene has high concentration 
of sulphur in it. Therefore, it is a major determining factor 
of the sulphur content in crude oil.18  
Hydrocarbons can be defined as alkanes, alkenes, 
alkynes and aromatics depending on the type of carbon to 
hydrogen bond present in the structure of the compound.6 
Crude oil can be paraffinic, if the amount of paraffinic 
hydrocarbons is high compared to aromatics and 
naphtenes. It is said to be naphthenic when the ratio of 
naphthenic and aromatic hydrocarbons are relatively 
higher than in paraffins. Asphaltic crude oil has large 
amount of polynuclear aromatics (a very high asphaltene 
content) and relatively less paraffins than paraffinic 
crude.14,20 
Furthermore, crude oil is a very complex mixture that is 
composed of several compounds. These compounds can 
be divided into four major fractions which are saturates, 
aromatics, resins and asphaltenes. The asphaltene content 
of crude oil is normally extracted from the heaviest 
fraction which is bitumen. This is normally done with the 
use of n-pentane because asphaltene is insoluble in the 
solvent and the chart below shows how it is seperated into 
different components. 
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Figure 1. The chart above shows the separation of bitumen 
into asphaltene and maltene.21 
The nature of the source material and regional 
variations in maturation conditions differentiate crude oil 
and hence, one asphaltene from another. The difference 
between asphaltene clearly shows the distinction between 
the relative functional molecular types and the structural 
type combination in the various asphaltenes. Also, 
exposing asphaltene to atmospheric oxygen can greatly 
affect the oxygen content. It has been reported that the 
asphaltene content of a crude oil sample increases as a 
result of the presence of high amount of sulphur 
content.15The molecular structures below are that of 
asphaltenes from two different sources.  
 
 
Figure 2. The molecular structures above are Asphaltenes.3  
Most of the research carried out on the non-volatile 
component of petroleum concentrated on asphaltene 
fraction and this is because it contains the largest 
percentage of heteroatoms (O, N, S) and organometallics 
such as Ni, V and Fe in crude oil. The molar weight of 
asphaltene is estimated to be between 500 to 2000 g mol-
1.1 
Since crude oil is made up of a mixture of 
hydrocarbons, it has to be seperated into different 
components in order to be useful to humanity. This 
necessitated the establishment of oil refinery which is 
saddled with the responsility of seperating crude oil into 
its various frations through a process known as fractional 
distillation. This is the most effective technique of 
seperating crude oil sample because it takes advantage of 
the boiling points of the various components in crude oil 
mixture in order to seperate them. On an industrial scale, 
a very large distillating column which has cooling plates, 
heat exchangers and other equipments that perform the 
operation. The crude oil sample is heated and sent into the 
fractionating column for seperation and then the products 
are carried through pipes to different collection points in 
the refinery.22The table below shows the different boiling 
points at which crude oil samples are seperated.  
Table 1. The boiling points of fractions during fractional 
distillation.4  
Crude oil fraction Boiling Point (oC) 
Light naphtha  90 
Heavy naphtha 170 
Kerosene 240 
Light gas 340 
Heavy gas 425 
Residue  425+ 
Uses of the various products of petroleum cannot be 
over emphasized because almost every device in world 
that produces energy today is powered by fuel which can 
either be kerosene, diesel, gasoline or gases. Kerosene 
can be used to serve as fuel for lamps and jet engine 
while gasoline is used to power vehicles and power plants. 
There are also vehicle that can use diesel to power their 
engines and this is because it takes less time for the fuel 
to burn in the combustion engine.  
The deposition and precipitation of asphaltene produces 
a lot of problem in oil production, transportation and 
processing facilities. The precipitation is caused by 
several factors which include changes in pressure, 
temperature, chemical composition of the crude oil and 
mixing of crude oil with diluent or acids during 
processing. The precipitated asphaltene can also reduce 
the permeability of a reservoir near the wellbore region 
which can lead to the plunging of the wellbore and the 
tubings. As processing of petroleum is done continously, 
asphaltene gradually accumulates on equipments and lead 
to operational problems, safety hazards and an overall 
decrease in production efficiency which results in 
increasing production cost. Asphaltene deposition can be 
removed by either mechanical, chemical cleaning or 
reserviour manipulation.11  
 
 
 
 
 
 
 
 
 
 
Heavy oil e.g 
bitumen 
Deasphalted oil 
(maltene) soluble in 
n-pentane 
 
n-pentane 
Asphaltene 
precipitates 
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Asphaltenes and Petroleum Processing 
Asphaltene is not a major constituent of crude oil but 
plays a significant role in the behavoir of crude oil. Eric 
in his paper titled Petroleum Asphaltene-Properties, 
Characterisation and Issues, asserted that asphaltene is 
considered an important factor that causes hinderance in 
many petroleum operations such as production, 
transportation, refining, wax crystallisation, crude oil 
emulsification and de-emulsification. He went further to 
state that asphaltenes can be categorised in to 
macroscopic and microscopic scale. The microscopic 
characterisation of asphaltene according to him, aims to 
understand molecular properties of asphaltenes, both 
chemically and physically, and to also deal with the 
hinderance it may cause during refining operation. He 
also accounted that asphaltene also poison catalyst which 
speeds up reactions in refining processes, more especially 
at a very high temperature and pressure where 
asphaltenes is expected to exist in a molecular form. He 
also made clear that it is important to characterise 
asphaltene macroscopically to enable field engineers 
perform operational decisions and optimization of 
production. It was also discussed in the paper that 
macroscopic characteristics of asphaltene is still the main 
area of focus, because data obtained from it has be used 
to study complex fluids.25In another paper, Mahdi et al 
stated that asphaltenes precipitation is one of the 
problems affecting crude oil production and refining 
processes. They highlighted that the changes in 
temperature, pressure and composition of crude oil are the 
main factors causing asphaltenes instability and 
consequent precipitation. They also stated that 
precipitated asphaltenes particles will lead to its 
deposition during production and transportation through 
pipeline which will lead to operational problems.13 
Moreover, Karman et al in their research paper titled 
Problematic but Rich in Potential, commented that the 
only advantage asphaltenes exhibit is when it does not 
form deposits on surfaces. However, they discovered that 
asphaltenes like other hydrocarbon components have the 
potential to reveal important characteristics about the 
resservoir’s fluid, history and connectivity. They went 
further to reveal that asphaltenes also causes other 
challenge to fluid flow; not only does it affect fluid 
viscosity and density but they also stabilize oil-water 
emulsion. Asphaltenes are also important factor in 
determining the formation wettability. They also stated 
that changes in wettability can occur when a very small 
amount of asphaltene is adsorbed to the formation grains 
and also asphaltenes exist as monomers in bulk crude oil 
and as an aggregates in an associated state in the 
precipitate phase.9Miadonye et al studied the effect that 
temperature has on the viscosity of crude oil and they 
discovered that light crude oil were better diluents for the 
production and transportation of heavier petroleum.16 
Furthermore, Joseph et al in their research on the Effect 
of Asphaltene Solvency on Stability of Water in Crude Oil 
Emulsion, accounts that the lack of understanding of the 
molecular origin of emulsion stabilization and full range 
of factors that govern emulsion stabillity have slowed 
down the approach to develop demulsification. They also 
understood that asphaltenes are not soluble in the 
distillate part of crude oil but they do dissolve to varying 
extent when associated with resins. It has also been 
determined that asphaltenes stabilize water-in-oil only if 
they are near or above boiling point at which colloids 
start to form. They also found out that resins and 
asphaltenes in crude oil are known to contain both acidic 
and basic groups, where as the pH of the water in the 
emulsion can be expected to affect both the quantities and 
the types of materials constituting the interfacial film. 
They also discussed that the pH of the water was also 
found to affect the physical properties of the adsorbed 
asphaltenes and these properties include rigidity and 
mobility.8 Further research made by Irena et al explored 
the chemical structure of asphaltene which changes upon 
hydrotreatment which leads to the reduction of product 
stability and as result asphaltene might precipitate, 
causing coke deposition on catalyst and refinery 
equipments. This is the main reason that leads to the 
limitation of conversion and possible reduction in product 
yield.7The structure of asphaltene gives it the ability to 
block off molecules such as biomakers. The reminant in 
an oil reservoir is considered as biomaker and asphaltenes 
could hinder its secondary alteration. Asphaltenes 
obtained from crude oil were put under oxidative 
treatment to disrupt their structure and this leads to the 
release the trapped oil. They also stated that oil collected 
from the released hydrocarbon was collected and 
compared with original crude oil to evaluate the level of 
alteration as a result of biodegradation. The crude oil are 
found to be depleted in n-alkane which is an effect 
attributed to biodegradation. However, they also claimed 
that the products obtained from asphaltenes have n-alkane 
distribution ranging from C15-C35, this indicates 
protection from biodegradation due to the encapsulation 
provided by the asphaltene network.24    
Even further, in another article Srisvastava et al 
revealed that asphaltene deposition problems are not 
limited to miscible flooding after the initial waterflooding 
but they are also encountered during natural gas depletion, 
gas-lift operations, caustic flooding and matric acidizing. 
Asphaltenes is believed to exist either dissolved in oil or 
finely dispersed in the oil stabilized by the resins 
adsorbed on the surface. They continued their research by 
stating that the asphaltene to resin ratio and high or low 
molecular weight determine which crude oil can 
precipitate asphaltenes and the application of mechanical, 
chemical or electrical forces can alter these ratios and 
destabilize resins and asphaltenes; fine particles of 
destabilised asphaltene coalesce and cause flocculation. 
The flocculated asphaltene contain some amount of oil 
which inhibits deposition. They also confirmed that 
asphaltene precipitation occur when flocculated 
asphaltene seperate from oil phase. However, precipitated 
asphaltene can return to the solution if the asphaltenes to 
resins ratio of the precipitated phase is the same as that of 
the original oil. They also explained that in carbon 
dioxide or hydrocarbon flooding, asphaltenes to resins of 
crude oil is altered which leads to asphaltene precipitation 
and deposition and the role of resins in stabilizing 
asphaltenes is well understood but asphaltene 
precipitation is not clear uptil today. The need to access 
the likelihood of asphaltene precipitation and consequent 
oil recovery and monetary losses are some of the 
problems that confront reservoir and production 
engineers’ cosidering a miscible carbon dioxide flood for 
a well.19 
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Even though, the precipitation of asphaltenes is a 
complex situation that involves resins and asphaltenes. 
Speight in his book Chemistry and Technology of 
Petroleum, proved it by dissolving bitumen in solvents 
such as n-pentane, n-hexane or n-hepatane but n-pentane 
is the most desirable of them because it provides 
maximum asphaltenes yield. He went further to state that 
asphaltenes can also be the fraction of crude oil or 
petroleum product that can be seperated by adding n-
pentane. Resins are the fraction of deasphalted oil that 
can be adsorbed by alumina or silica and only be removed 
from such surfaces by a mixture of toluene and methanol 
or pyridine. He also highlighted that asphaltenes and 
resins are aromatic heterocompounds with aliphatic 
substitution and they serve as the major constituent of the 
polar fraction of crude oil. Since petroleum is a complex 
mixture that is not only difficult to analyze the recovered 
materials but also the original oil in place, the 
incompatibility of crude oil constituents with each other 
and the suspension of organic solids during oil recovery 
are issues that require tremendous attention. Therfore, 
Speight in his article the Chemical and Physical Structure 
of Petroleum: Effects on Recovery Operation, revealed 
that the problem can also reduce the efficiency of various 
processes in the petroleum industry. A more detailed 
knowledge of composition and reactivity of asphaltene 
will help in understanding the recovery 
processes.21Consequently, solvents such as natural gas 
liquids; liquified natural gas, natural gas and carbon 
dioxide are used during enhanced oil recovery and can 
lead to asphaltene deposition and flocculation. He went 
further to state that the quantity of asphaltene deposited 
during this operation is not known and depressuring an oil 
reservoir is also another factor that leads the deposition of 
asphaltenes.22 It was further discussed by Leontaritis et al 
that the organic formation damage can result from 
flocculated asphaltenes causing permeability problems by 
plugging the pore throat and wettability alterations by 
adsorbing negative mineral sites such as clay and silicas. 
When efficient oil production is required, water-wet 
reservoir rocks permits it owing to the favourable relative 
permeability to the hydrocarbon fluids. But, oil flows 
through throats and pore channels that are more oil-wet 
than water-wet. This makes water to flow through larger 
pore throat and by-pass some of the oil.10   
CONCLUSION 
After reviewing several literatures, we came to a final 
assumption that asphaltenes are one of the constituents of 
crude oil and they also cause problems during petroleum 
processing. The effects of asphaltenes on petroleum 
processing cannot be over emphasized because of the 
detrimental impacts it has on the oil industry. The 
structures of asphaltenes were also studied, even though 
they do differ from one reservoir to another. Asphaltenes 
do affect catalyst during refining processes and also 
hinder petroleum operations such as transportation, 
production, wax crystallization, etc. The flocculation and 
deposition of asphaltenes are governed by alot of factors 
such as reservoir wettabilty and solvent injection. They 
can also be determined by the temperature, pressure and 
composition of the crude oil in a given reservoir. 
Asphaltenes are basically the storage place for heavy 
metals and other elements found in crude oil. As a result, 
it easily solidifies when isolated from crude oil. 
Asphaltenes deposition can be remediated using either 
mechanical or chemical methods. Mechanical cleaning 
method can be done using coiled tubing, wireline cutting 
or pigging while chemical cleaning is done by injecting 
xylene into the wellbore.  
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ELASTIC INCOHERENT NEUTRON SCATTERING FINDINGS 
ON HOMOLOGOUS DISACCHARIDES 
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A new wavevector analysis performed by wavelet transform of Elastic Incoherent Neutron Scattering (EINS) data on three bioprotectant 
systems, i.e. on the homologous disaccharides trehalose, maltose and sucrose, is presented. The analysis allows to compare the spatial 
properties of the three systems in the wavevector range of Q = 0.28 - 4.27 Ǻ-1, revealing the existence of different kinds of protons 
dynamics. It emerges that, differently from previous wavevector analyses, both the low and high wavevector contributions for trehalose, at 
all the investigated temperature values, are constantly lower and sharper, giving rise to a global energy distribution along the wavevector 
range markedly less extended. These findings give an account for the bioprotectant effectiveness of trehalose in the medical, 
pharmaceutical and cosmetic fields. 
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Introduction 
In the last years a huge effort has been addressed to 
understand the molecular mechanisms originating in 
organisms able to survive under environmental stress 
conditions.1 Homologous disaccharides (C12H22O11), e.g. 
trehalose, maltose, and sucrose have been shown to be 
cryptobiotic-activating substances, since they allow to 
several organisms under stress conditions to enter in a state 
of cryptobiosis, i. e. hidden life, where vital functions are 
reduced to undetectable levels. Trehalose is a nonreducing 
disaccharide of glucose (α-D-glucopyranosil α-D-
glucopyranoside) constituted by two pyranose (six-
membered) rings in the same a configuration, linked by a 
glycosidic bond between the chiral carbon atoms C1 of the 
two rings. Sucrose (α-D-glucopyranosil β-D-
fructofuranoside) is constituted by a glucose ring (pyranose) 
in the α configuration and a fructose ring (furanose) in the β 
configuration; the α and β structures of the same 
monosaccharide differ only in the orientation of the OH 
groups at some carbon atom in the ring itself (mutarotation 
equilibria). Maltose (4-O-α-D-glucopyranosyl-D-glucose) is 
constituted by two pyranose rings of glucose in the α 
configuration, the oxygen bridge linking the two carbon 
atoms C1 and C4 of the two rings; the α and β structures of 
the same monosaccharide differ only in the orientation of 
the OH groups at some carbon atom in the ring itself. 
Contrarily to trehalose and sucrose, maltose is a reducing 
sugar because the anomeric carbons on the right-hand sugar 
are part of a hemiacetal and exhibits mutarotation.2 In 
particular, trehalose preserves and maintains activity and 
leavening capacity of many desiccation resistant organisms. 
Some species of soil-dwelling organisms3 can pass, during 
dry times, into a state of suspended animation involving a 
possible chemical action of trehalose. These species can be 
dehydrated nondestructively and reversibly because of their 
ability to synthesize this disaccharide. For example, Wood 
Frogs (Lithobates sylvaticus) can survive being frozen. Its  
tissues contain high concentrations of simple sugars, 
including glucose and trehalose, which form a sugar glass 
keeping the frog's cells intact. Although the disaccharide 
cryptoprotectant effectiveness is proven, the underlying 
molecular mechanisms are still cryptic. Although many 
studies have been focused on ternary systems such as 
biostructure/water/disaccharide,4-13  many researchers retain 
that the protein dynamics is strongly coupled with, and 
depends on, the solvent properties14-22 and, for this reason, 
their attention has been mainly addressed to  the 
disaccharide/water mixtures. There are several hypotheses 
formulated to clarify the bioprotective action of trehalose, 
making clear that the reasons for its effectiveness should be 
connected to the physical chemical properties at a molecular 
scale. Some scattering findings on disaccharide/water 
mixtures indicate that the molecular mechanisms underlying 
the trehalose bioprotective effectiveness lie on the peculiar 
interaction mechanisms of trehalose with water, 
independently on the biostructure nature.  
Green and Angell23 suggest that the bioprotectant 
effectiveness of trehalose could be ascribed to the higher 
value of its glass transition and mixtures with water, and this 
is the only reason for its superior bioprotectant effectiveness  
in comparison with the other two disaccharides, i.e. sucrose 
and maltose. However, other similar systems show an even 
higher Tg value, but do not show comparable bioprotective 
action.  
Crowe and Reid24 agree with the hypothesis of a direct 
interaction between sugar and biostructure, strengthening 
this interpretation with the simulation reported by Grigera et 
co-workers25 who argue that the structure of trehalose is 
perfectly adaptable to the tetrahedral coordination  of pure 
water, whose structural and dynamical properties are not 
significantly affected by trehalose. As a matter of fact 
experimental findings obtained by several spectroscopic 
techniques indicate that the structural and dynamical 
properties of water, even at relatively low sugar 
concentration, result drastically perturbed by disaccharides, 
and in particular by trehalose.26-33 Neutrons with a 1 Å 
wavelength and an energy close to 1 kcal/mol represent an 
excellent probe to characterize thermal molecular motions 
and conformational changes in biological systems;34-41 this is 
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essentially due to the time-space scale to which is sensitive, 
to the simplification brought about by the neutron-nucleus 
interaction and to the distinctive isotopic character. From the 
experimental point of view, the characterization of the 
different molecular processes involved in the dynamics of 
some molecular and macromolecular systems of biophysical 
interest, for the bioprotectant-water mixtures can be 
effectively investigated by Elastic Incoherent Neutron 
Scattering (EINS)42 by means of the so called “fixed-
windows” method43 where the scattered intensity is 
collected at =0 with a fixed “energy windows” 
corresponding to the instrumental energy resolution. It is 
well known that by a wavelet analysis44-46 is possible to 
extract information from a non-stationary signal in terms of 
functional forms called mother wavelet. More precisely, the 
translated-version wavelets locate where one concerns, 
whereas the scaled-version wavelets allows to analyze the 
signal at different scales.47 The square of the modulus of the 
wavelet transform is called scalogram, which shows how the 
“energy” of the signal varies as a function of the 
independent variable and of the scale parameter.  
 
The aim of  the present work is to show the results of a 
new wavelet analysis of EINS data on water mixtures of the 
three homologous disaccharides trehalose, maltose and 
sucrose. This analysis allows to compare both the spatial 
properties of the three systems revealing the existence of 
different kinds of protons dynamics in different wavevector 
ranges. These findings furnish useful information on the 
different nature of the involved dynamical processes in 
bioprotection that can justify the higher trehalose 
“cryptobiotic” effectiveness, i. e. the capability of trehalose 
to create a more rigid environment where biomolecules are 
better protected.  
 
Methods 
EINS measurements have been carried out across the glass 
transition temperature values on trehalose, maltose, and 
sucrose/water (H2O) mixtures by using the backscattering 
spectrometer IN13 at the Institute Laue Langevin (Grenoble, 
France). The IN13 main characteristic is the relatively high 
energy of the incident neutrons (16 meV) which makes it 
possible to span a wide range of momentum transfer Q(≤
4.87 Å-1) with a very good energy resolution (∼8 μeV). 
Therefore neutron scattering experiments on IN13 provide 
information on the motions of the sample hydrogen in a 
space-time window of 1 Å  and 0.1 ns given by its scattering 
vector modulus, Q and energy resolution, and allow to 
characterize both flexibility (obtained from the fluctuation 
amplitudes) and rigidity (obtained from how fluctuations 
vary with temperature and expressed as a mean 
environmental force constant). Ultrapure powdered 
trehalose, maltose and sucrose, and H2O, purchased by 
Aldrich-Chemie, were used to prepare solutions at a weight 
fraction corresponding to 6 and 19 water molecules for each 
disaccharide molecule. Measurements were performed in the 
temperature range of 20–310K on hydrogenated trehalose, 
maltose and sucrose in H2O at a weight fraction value of 
φ=0.5, corresponding to 19 water molecules for each 
disaccharide molecule. At such a concentration value 
different spectroscopic techniques indicate that the 
disaccharides in water solution are bonded to more than ≈ 22 
water molecules at room temperature, this hydration number 
increasing by lowering temperature. In the used IN13 
configuration the incident wavelength was 2.23 Å and the 
Q-range was 0.28 – 4.87 Å-1. Raw data were corrected for 
cell scattering and detector response and normalized to unity 
at  Q= 0.00 Å-1. 
 
Results and Discussions 
The main aim of the present work is to highlight the 
differences in the behavior properties of the aqueous 
mixtures of three homologous disaccharides, i.e. sucrose, 
maltose and trehalose, in order to explain the molecular 
mechanisms that make trehalose the most effective 
bioprotectant. In order to compare both the spatial properties 
of the three system, a wavevector analysis of these EINS 
data through a wavelet approach is performed. Such an 
analysis puts into evidence, for the three investigated 
disaccharide mixtures by varying temperature, the existence 
of different kinds of protons dynamics which interest 
different wavevector ranges. In this work, the Mexican hat 
has been considered, which is defined as: 
 
 
 
 
Its form is derived from the second derivative of a 
Gaussian function, and the multiplicative constant is the 
normalization factor of mother wavelets. The name, 
“Mexican hat”, is due at the shape of the function, that is 
like an upside-down Mexican hat. This function drops to 
zero very fast and it is limited in a certain range, respecting 
the conditions of the mother wavelets.  
In Fig. 1, as an example, the 3D scalograms as resulting 
from a wavelet analysis for sucrose/water mixtures, at a 
molar ratio of (1 disaccharide)/(19 H2O) at three different 
temperatures, i.e. T=19 K, 264 K and 284 K are shown. 
Through the wavelet scalogram it is possible to extract the 
spectral features as well as to highlight the components of 
the spectral density, i.e. the average energy located in a 
given wavevector-scale domain. In particular, the 
employment of the wavelet analysis to the entire set of 
experimental data puts into evidence the presence of two 
distinct kinds of motions which appear to interest different 
space ranges; at the lowest investigated temperature, 19 K, 
only one broad spectral contribution which spans in the 
whole investigated wavevector range, i.e. from Q=0.27 Å-1 
to Q=4.27 Å-1, is revealed, as reported in fig. 1 (left); such a 
spectral contribution can be assigned mainly to the vibration 
motions of the system protons. As reported in fig. 1 (center), 
which reports the 3D scalogram at the intermediate 
temperature value of T= 264 K, by the rising of temperature 
a different contribution, at low wavevector values and 
specifically below Q=0.25 Å-1 clearly emerges.  
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Figure 1. 3D scalograms obtained by wavelet analysis for EINS spectra for sucrose water mixtures at three different temperatures, i.e. 
T=19 K, 264 K and 284 K. 
Finally in fig. 1 (right), the 3D scalogram of sucrose water 
mixtures at T=284 K is reported. As it can be seen the 
weight of the low Q contribution increases with temperature 
showing a different increasing rate for the three investigated 
systems.  In order to better highlight the different behavior 
in the investigated systems fig. 2 shows a comparison of the 
scalogram for trehalose  and sucrose at the intermediate 
temperature of T=264 K. 
 
Figure 2. A comparison of the 3D scalogram for sucrose (left) and 
trehalose (right) at the intermediate temperature of T=264 K.  
 
As it can be seen, the spectral energy density as a function 
of the wavevector distributes itself differently for the two 
disaccharides; for trehalose by increasing temperature it is 
constantly sharper while the energy distribution along the 
wavevector range appears to be markedly less broadened. 
Such a scalogram comparison allows to highlight the 
differences between the two homologous disaccharides, with 
specific reference to the different explored wavevector 
ranges. It results that the spectral energy density as a 
function of the exchanged momentum distributes itself 
differently for the two disaccharides. More in details, for the 
case of trehalose/water mixture the low Q contribution is 
less high and wide in respect to sucrose/water mixture. 
Furthermore the satellite contribution appears to be more 
pronounced and interests a lower wavevector range. Such 
results show a higher thermal restrain for trehalose in 
respect to the other homologous disaccharide.  
Summarizing the present study shows that, differently 
from previous wavevector analyses, both the low and high 
wavevector contributions for trehalose, at all the 
investigated temperature values, are constantly lower and 
sharper, giving rise to a global energy distribution along the 
wavevector range markedly less extended.  
Conclusions 
A new wavevector analysis performed by wavelet 
transform of Elastic Incoherent Neutron Scattering (EINS) 
data on three glass forming systems, i.e. on the homologous 
disaccharides trehalose, maltose and sucrose, is presented. 
The analysis allows to compare the spatial properties of the 
three glass forming systems in the wavevector range of Q= 
0.28 - 4.27 Å-1, revealing the existence of different kinds of 
protons dynamics. The wide explored wavevector range 
allows to characterize and to compare the systems molecular 
motions according to their spatial extent and amplitude. The 
experimental results reveal that, by increasing temperature, 
the scattered intensity shows an almost linear trend at the 
lowest temperature, T=19 K, whereas, at higher temperature 
values, drops in Q fulfilling a decaying behavior which 
results more marked in the case of sucrose and maltose in 
respect to trehalose.  By the wavelet analysis of the scattered 
intensity vs exchanged momentum, for the sucrose, maltose 
and trehalose/mixtures H2O, the existence of two different 
classes of protons dynamics, which interest different 
wavevector ranges is shown. More precisely, at the lowest 
temperature, 19 K, only one spectral contribution is 
revealed; such a wide and flat contribution spans the whole 
wavevector range and is almost equal for all the investigated 
disaccharide/water systems; it can be attributed to the 
vibrational motions of the scatterer particles, i.e. the 
system’s protons. At higher temperatures the weight of the 
low Q contribution tends to rise and shows  a different 
increasing rate for the three homologous disaccharides.  
These findings confirm that the systems spectral energy 
density as a function wavevector is distributed in a different 
way for the three disaccharides. Differently from previous 
wavevector analyses, both the low and high wavevector 
contributions for trehalose, at all the investigated 
temperature values, are constantly lower and sharper, giving  
Bioprotectant effectiveness of homologous disaccharides by inelastic incoherent neutron scattering   Section C-Research Paper 
Eur. Chem. Bull. 2013, 2(6), 397-400    DOI: 10.17628/ecb.2013.2.397-400 400 
rise to a global energy distribution along the wavevector 
range markedly less extended. This circumstance implies a 
better attitude to encapsulate biostructures in more rigid and 
more temperature insensitive structures, in all the 
investigated spatial scales,  in respect to maltose and 
sucrose/water mixtures. 
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CORROSION INHIBITION BY AN AQUEOUS EXTRACT OF 
CURCUMIN DYE FOR  CARBON STEEL IN SEA WATER 
V. Johnsirani,[a]*  J. Sathiyabama,[a] Susai Rajendran[a,b] and R. Nagalakshmi[c] 
Keywords: Corrosion inhibition, curcumin, plant extract, carbon steel, sea water 
The inhibition efficiency [IE] of an aqueous extract of the (Curcuma longa L.) plant material rhizome powder has been used as a corrosion 
inhibitor in controlling corrosion of carbon steel in sea water by the weight-loss study, in the absence and presence of Zn2+ . The main 
constituent of this plant extract is curcumin. The results show that 93% IE is provided by binary system consisting of 10 mL of curcumin 
dye (CD) and 50 ppm of Zn2+. Polarization study reveals that CD and Zn2+ system functions as mixed type inhibitor. The nature of the 
metal surface has been analysed by FTIR spectra and SEM analysis. 
 
*Corresponding Authors 
*E-mail:  johnsirani15@gmail.com 
[a]  PG and Research Department of Chemistry, GTN Arts 
college, Dindigul - 624005, TamilNadu, India.  
[b]  Department of Chemistry, RVS School of Engineering and 
Technology, Dindigul- 624005,India. E-mail:             
susairajendran@gmail.com  
[c]  Department of Chemistry,Arupadaiveedu Institute of 
Technology, Chennai. , Tamil Nadu, India. E-mail: 
nagalakshmirajan@gmail.com 
Introduction  
Plant extracts have again become important because they 
are environmentally friendly and renewable source for a 
wide range of needed inhibitors. Plant extracts are viewed as 
an incredibly rich source of naturally synthesized chemical 
compounds that can be extracted by simple procedures with 
low cost. A lot of natural products have been previously 
used as corrosion inhibitors for different metals in various 
environments.1-9 In the present research work, an aqueous 
extract of the plant material rhizome powder has been taken 
as it is a good corrosion inhibitor for carbon steel in sea 
water. Turmeric has been used in India for hundreds of years 
and is a major part of Ayurvedic medicine. It was first used 
as a dye and then later for its possible medicinal 
properties.10 Some research results show that there are 
compounds in turmeric with anti-fungal and anti-bacterial 
properties; however, curcumin is  one of them.11 In another 
preliminary research example, curcumin is being studied for 
whether it alters the response to chemotherapy in patients 
with advanced bowel cancer,12 as found in a laboratory 
study. It is not very light fast.13  However, turmeric is 
commonly used in Indian and Bangladeshi clothing, such as 
saris and Buddhist monks' robes.14 
The present work is undertaken:  
To evaluate the inhibition efficiency (IE) of curcumin dye 
(CD)-Zn2+ system in controlling corrosion of carbon steel 
immersed in sea water in the absence and presence of Zn2+ 
by weight loss method. 
To study the mechanism of corrosion inhibition by 
polarization study. 
To analyse the protective film by FTIR spectra, Scanning 
Electron Microscope (SEM).  
To propose the mechanism of corrosion inhibition based 
on the above results. 
Materials and Methods 
Preparation of plant extract. 
10 g of rhizome (Curcuma longa L.) powder was weighed 
and boiled with double distilled water. The yellow dye 
curcumin was filtered to remove suspended impurities and 
made up to 100 mL. The curcumin dye (CD) was used as 
corrosion inhibitor in the present study. 
Preparation of Specimen 
Carbon steel specimens (0.02 6% S, 0.06% P, 0.4% Mn, 
0.1% C and rest iron) of the dimensions 1.0 x 4.0 x 0.2 cm 
were polished to a mirror finish, degreased with 
trichloroethylene and used for the weight-loss method and 
surface examination studies. 
Weight – Loss Method 
Carbon steel specimens were immersed in 100 ml of the 
medium containing various concentrations of the inhibitor in 
the absence and presence of Zn2+ for 1 day. The weights of 
the specimens before and after immersion were determined 
using a balance Shimadzu AY62 model. The corrosion IE 
was then calculated using the equation. 
 
where  
W1 is the weight loss value in the absence of inhibitor 
W2 is the weight loss value in the presence of inhibitor 
Corrosion rate (CR, in mm year-1) was calculated using 
the formula.15  
where W- weight loss in milligram 
 
2100 1 (1)
1
W
IE
W
 
 
  
 
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D   density of specimen g cm-3  
A   area of specimen in cm2 
T   exposure time in hours  
Potentiodynamic Polarization Study 
Polarization studies were carried out in a CHI- 
electrochemical work station with impedance model 660A. 
It was provided with iR compensation facility. A three 
electrode cell assembly was used. The working electrode 
was carbon steel. A saturated calomel electrode (SCE) was 
the reference electrode. Platinum was the counter electrode. 
From polarization study, corrosion parameters such as 
corrosion potential (Ecorr), corrosion current (Icorr), Tafel 
slopes anodic = ba and cathodic = bc were calculated and 
linear polarization study (LPR) was done. The scan rate (V 
s-1) was 0.01. Hold time at (Efcs) was zero and quiet time (s) 
was two. 
Fourier transform infrared spectra 
These spectra were recorded in a Perkin-Elmer-1600 
spectrophotometer using KBr pellet. The FTIR spectrum of 
the protective film was recorded by carefully removing the 
film, mixing it with KBr and making the pellet. 
Scanning Electron Microscopic (SEM) studies  
The carbon steel immersed in blank solution and in the inhibitor 
solution for a period of one day  was removed, rinsed with double 
distilled water, dried and observed in a scanning electron 
microscope to examine the surface morphology. The surface 
morphology measurements of carbon steel were examined 
using JEOL MODEL6390 computer controlled scanning 
electron microscope. 
Results and Discussion 
The physicochemical parameters of sea water used in the 
present study are given in Table 1.   
Table 1. Water analysis (Thondi sea water, Tamil Nadu, India) 
The calculated inhibition efficiencies (IE) of curcumin dye 
in controlling the corrosion of carbon steel immersed in sea 
water both in the absence and presence of zinc ion have 
been tabulated in Table 2. The calculated values indicate the 
ability of curcumin dye to be a good corrosion inhibitor. The 
inhibition efficiency is found to be enhanced in the presence 
of zinc ion. The formulation consisting of 10 mL of CD and 
50 ppm of Zn2+ offers 93% inhibition efficiency. That is, 
mixture of inhibitors shows better IE than the individual 
inhibitors.16 
Synergism parameter (SI) 
Synergism parameters are indications of  synergistic effect 
existing between inhibitors.17-19 SI value is found to be 
greater than one indicating the synergistic effect existing 
between Zn2+ of concentrations 25 ppm and 50 ppm with 
various concentrations of CD. The results are given in Table 
3. 
Synergism parameters were calculated using the relation 
 
 
where  
1+2 is equal with  (1+2) -(12) 
1  is the surface coverage of inhibitor (CD) 
2 is the surface coverage of inhibitor (Zn2+) 
’1+2 is the combined surface coverage of inhibitors 
(CD) and (Zn2+) 
The surface coverage (S) is 
 
   
 
Potentiodynamic Polarization Study 
Polarization study has been used to detect the formation of 
protective film on the metal surface.20-24 When a protective 
film is formed on the metal surface, the linear polarization 
resistance (LPR) increases and the corrosion current (Icorr) 
decreases. The potentiodynamic polarization curves of 
carbon steel immersed in various test solutions are shown in 
Figure 1. The corrosion parameters namely, corrosion 
potential (Ecorr), Tafel slopes (bc=cathodic; ba=anodic), 
linear polarization resistance (LPR) and corrosion current 
(Icorr) are given in Table 4.  
When carbon steel is immersed in sea water, the corrosion 
potential is -816 mV vs SCE.  The formulation consisting of 
10mL of CD solution and 50 ppm of Zn2+ shifts the 
corrosion potential to -814 mV vs SCE. The corrosion 
potential shift is very small. This suggests that the CD-Zn2+ 
formulation functions as a mixed inhibitor controlling the 
anodic reaction and cathodic reaction to the same extent.  
The corrosion current value and LPR value for sea water 
are 6.354×10-6 A cm-2 and 6.500 x 103 ohm cm2 respectively. 
For the formulation of CD (10mL) and Zn2+ (50 ppm), the 
corrosion current value has decreased to 5.502 x 10-6 A cm-2, 
and the LPR value has increased to 7.354 x 103 ohm cm2. 
Total dissolves salts (mg L-1) 41881 ppm 
Electrical conductivity (-1 cm-1)  61589 
pH  7.86 
Total Hardness (CaCO3 equivalent) 6100 ppm 
Calcium as Ca (mg L-1) 800 ppm 
Magnesium as Mg (mg L-1) 984  ppm 
Sodium as Na (mg L-1) 9800 ppm 
Chloride as Cl (mg L-1) 18256 ppm 
Potassium as K (mg L-1) 1300 ppm 
Sulphate as SO4 (mg L-1) 1493 ppm 
1
1 2 (3)I '
1
1 2
S
  
  
(%)
(4)
100
IE
S 
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Table 2. The corrosion inhibition efficiencies and the corresponding corrosion rates (millimeter per year) of CD – Zn2+ system 
 
Table 3. Synergism Parameter (SI) 
 
Table  4.  Potentiodynamic polarization curves of carbon steel immersed in various test solution 
 
This indicates that a protective film is formed on the metal 
surface. When a protective film is formed on the metal 
surface LPR value increases and corrosion current value 
decreases.  
The Tafel slope values are more or less same without 
inhibitor and with inhibitor. However there is a slight 
change in the anodic Tafel slope. This may be attributed to 
the formation of a passive film on the anodic sites of the 
metal surface. The rate of change of current with potential is 
reduced due to the formation of a protective film on the 
metal surface.   
Analysis of AC impedance spectra 
AC impedance spectra have been employed to detect the 
formation of film on the metal surface. If a protective film is 
formed, the charge transfer resistance increases and double 
layer capacitance value decreases.25-28 The AC impedance 
spectra of carbon steel immersed in various solutions are 
shown in Fig. 2. The AC impedance parameter, namely 
charge transfer resistance (Rt) and double layer capacitance 
(Cdl) (derived from Nyquist plot) are given in Table 5.  
Table 5. AC impedance parameters of carbon steel immersed in 
various test  solutions  
It is observed that in presence of inhibitor, Rt value 
increases and Cdl value decreases.  This indicates the 
formation of a protective film on the metal surface. 
Analysis of FTIR spectra 
The active principle in an aqueous extract of rhizome 
powder is Curcuma longa L. The yellow colour of the 
extract is due to curcumin.29 The structure of curcumin is 
shown in Scheme 2. The main constituent of rhizome 
powder is curcumin. 
The curcumin dye extract was evaporated to dryness to get 
a solid mass. Its FTIR spectrum of the solid mass is shown 
in Fig. 3a. The –OH stretching frequency appears at 3408 
cm-1.  
Inhibitor 
CD (mL) 
 
Zn2+(ppm) 
 
0 25 50 
IE, % CR, mm year-1 IE, % CR, mm year-1 IE, % CR, mm year-1 
0 - 0.1576 16 0.1323 47 0.0835 
2 48 0.0819 
 
65 0.0551 80 0.0315 
4 55 0.0709 71 0.0457 82 0.0283 
6 60 0.0630 73 0.0425 85 0.0236 
8 62 0.0598 75 0.0394 90 0.0157 
10 63 0.0583 77  0.0362 93 0.0110 
CD (mL) 
 
1 Zn2+ 25 ppm 
2 
CD-Zn2+ 
  ’1+2 
SI Zn2+ 50 ppm 
2 
CD-Zn2+ 
’1+2 
SI 
2 
4 
6 
8 
10 
0.48 
0.55 
0.60 
0.62 
0.63 
0.16 
0.16 
0.16 
0.16 
0.16 
0.65 
0.71 
0.73 
0.75 
0.77 
1.6091 
1.3034 
1.2444 
1.2768 
2.9965 
0.47 
0.47 
0.47 
0.47 
0.47 
0.80 
0.82 
0.85 
0.90 
0.93 
1.378 
1.325 
1.4133 
2.014 
2.8014 
System Ecorr mV vs SCE bc, mV decade-1 ba,  mV decade-1 LPR, ohm cm2 Icorr, A cm-2 
Sea water  -816 157 239 6.500 x 103 6.354 x 10-6 
Sea water + 10mLCD + 50 ppm 
Zn2+ 
-814 156 230 7.354 x 103 5.502 x 10-6 
System Rt ohm 
cm2 
C
dl   Fcm-2 Impedance value 
log z/ohm) 
Sea water 101.10 5.0445 x 10-8 2.060 
Sea water  + CD 10 
mL + Zn2+ 50 ppm 
121.55 4.195 x 10-8 2.165 
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The C=O stretching frequency appears at 1715 cm-1. The 
asymmetrical C-O-C stretching frequency of aryl alkyl 
ethers appears at 1224 cm-1. The band at 1087 cm-1 
corresponds to the symmetrical C-O-C stretching of alkyl 
aryl ether. Thus, curcumin was characterized by IR 
spectroscopy.30  
The FTIR spectrum of the protective film formed on the 
surface of the metal after immersed in the solution 
containing 50 ppm of Zn2+ and 10mL of CD shown in Fig. 
3b. It is found that the -OH has shifted from 3408 cm-1 to 
3400 cm-1. The C=O stretching frequency has decreased 
from 1715 cm-1 to 1613 cm-1. The asymmetrical C-O-C 
stretching frequency of alkyl aryl ether (1224 cm-1) 
disappeared. The symmetrical C-O-C stretching of alkyl aryl 
ether (1087 cm-1) disappeared. It was inferred that curcumin 
has coordinated with Fe2+ through the phenolic oxygen, 
ethereal oxygen, and carbonyl oxygen, resulting in the 
formation of the Fe2+ - curcumin complex on the anodic 
sites of the metal surface. The peak at 1360cm-1 is due to 
Zn-O band. The peak at 3400cm-1 is due to –OH stretching. 
Hence it is confirmed that Zn(OH)2 is formed on the 
cathodic sites of the metal surface.31 Thus, the FTIR spectral 
study leads to the conclusion that the protective film consists 
of the Fe2+- curcumin complex and Zn(OH)2.32 
SEM analysis of metal surface 
The SEM images of magnification (X2000) of carbon 
steel specimens immersed in sea water for one day in the 
absence and presence of inhibitor system are shown in 
Figure.4.image (b) and image (c) respectively. The SEM 
micrographs of polished carbon steel surface (control) in Fig. 
4. Image (a) shows the smooth surface of the metal. This 
shows the absence of any corrosion products formed on the 
metal surface. The SEM micrographs of carbon steel surface 
immersed in sea water in Figure 4. Image (b) shows the 
roughness of the metal surface which indicates the corrosion 
of carbon steel in sea water. Figure 4. image (c) indicates 
that in presence of 10mL of CD- Zn2+ (50ppm) mixture in 
sea water, the surface coverage increases which in turn 
results in the formation of insoluble complex on the surface 
of the metal (CD-Zn2+ inhibitor complex) and the surface is 
covered by a thin layer of inhibitors which control the 
dissolution of carbon steel. Such results have been 
observed.33 
 
Figure 1. Polarization curves of carbon steel immersed in 
various test solutions, (a) sea water (b) sea water + CD 10 mL + 
Zn2+ 50 ppm 
 
Figure 2.  AC impedance spectra of carbon steel immersed 
in various test solution. a) sea water b) sea  water + CD  10 
mL + Zn2+ 50 ppm 
 
 
 
Scheme 1. Structure of curcumin (extract of  rhizome 
powder) 
 
Figure 3a. FTIR spectrum of pure curcumin dye (dried 
solid mass, KBr)     
 
 
Figure 3b. FTIR spectrum of film formed on metal surface 
after immersion in sea waterContaining 10 mL of  CD– 50 
ppm  Zn2+ 
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Mechanism of corrosion inhibition 
Weight loss method reveals that the formulation 
consisting of 10 mL of CD and 50 ppm of Zn2+ offers 93% 
IE to carbon steel immersed in sea water. Polarization study 
reveals that CD–Zn2+ system functions as a mixed inhibitor.  
FTIR spectra reveal that the protective film consists of Fe2+ - 
curcumin complex and Zn(OH)2.  
In order to explain the above facts in a holistic way, the 
following mechanism of corrosion inhibition is proposed.  
When the formulation consisting of sea water, curcumin 
dye and Zn2+ is prepared, there is formation of Zn2+ - 
curcumin complex in solution. 
When carbon steel is immersed in the solution, the Zn2+ - 
curcumin complex diffuses from the bulk of the solution 
towards the metal surface. 
On the metal surface, Zn2+ - curcumin complex is 
converted into Fe2+-curcumin complex and Zn2+ is released: 
Zn2+ - curcumin + Fe2+  →  Fe2+ - curcumin + Zn2+ 
This Zn2+ combines with -OH to form insoluble Zn(OH)2  
Zn2+ + 2OH- mV → Zn(OH)2 
Conclusions 
The present study leads to the following conclusions:  
The formulation consisting of 10mL CD and 50 ppm Zn2+ 
provides 93% inhibition efficiency to carbon steel immersed 
in sea water.  Polarization study reveals that CD–Zn2+ 
system functions as a mixed inhibitor. FTIR spectra reveal 
that the protective film consists of Fe2+-curcumin complex 
and Zn(OH)2.  
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